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PREFACE. 


This  work  is  "devoted  primarily  to  problems  Of  construction  of 
industrial  and  public  structures  under  conditions  of  permafrost*  Because  Of 
the  unique  environment,  such  engineering  activity  encounters  many  complica¬ 
tions  and  often  involves  numerous  oisunder standings  and  miscalculations. 
Knowledge  and  experience  in  this  field  are  as  yet  inadequate.  Moreover,  a 
considerable  part  of  the  knowledge  gained  hae  not  been  available  to  the 
general  construction  profession  ami  is  therefore  seldom ^utilized.  • 

It  is  essential  to  propagate  the  available  information  about 
permafrost,  and  to  inveat  persistent  and  continuous  effort  to  widert  the  scope 
of  scientific  and  practical  knowledge  in  this  field.  However*  it  is  not 
judicious  to  bide  time '"until  all  .aspects  have  been  investigated  and  tested. 
An  immediate  .solution  of  nuaeroufl  problems  pertaining  to  construction  In 
permafrost  regions  is /imperative  because  auoh  construction  is  currently  in 
progress  and  cannot  be  postponed  until  various  aspects  are  Invontigatod, 
clarified,  and  verified.  Constriction  is  proceeding,  and  the  structures  are 

essential  to  effective  development  of  the  country. 

■\\  " 

.  V\ 

It  is  the  duty  nnd. responsibility  of  the  engineoni  to  eae"  re-normal 
erection  mid  functioning  of  such  strictures  evbn'though  current  knowledge  in 
this  field  is  limited.  Accordingly,  in  spite  of  the  numerous  Tactual  gaps, 
ft  is  necessary  to  auwoarite  t)*  available  data  As  adequately  as  possible 
and  thps  ho  In  the  engineers  to  evorcomdi.  as  ler.at  partially,  the  diffinul- 

‘i  '  ^  1  .  .  i 

ties  eneountehbd  in  permafrost  regions.  ^ 

The  present  worit  is  the  first  one  entirely  ^devoted  to  industrial 
and  public  construction  since  the  available  studies  of  permafrost  deal  with 
either  general  frost  science  or  railway  construction.  Tl^refore,  it  is  of 
limited  scope  and  probably  contains  inaccuracies  and  inadequate  Interpreta¬ 
tions;  these  are  justified  by  the  lack  of  precedents  and  the  complexity  and 
obscurity  of  the  rrobl ans^involved.  Its  content  is  determined  by  its  object 
tives^wMch  are  to  acquaint  engineers  with  permafrost  as  an  entirely  unique 
field  of  construction,  to  establish  the  'peculiarities  of  construction  on 
gornafrept,  ts  analyse  ike  available  theoretical  and  experimental  data  for 


application.  and-  to  indic.it a  -lines -.pi!'  further  rhnf-tr ch  that 
success  in  a  ,:ivc:  case-  y  . 


hay  assure 


ABSTRACT 

f*A  '  :  _  " 

'  This  boolTcontains  general  data  on  permafrost  and  characteristics 
of  deformation  of  structures  erected  in  permafrost  regiono.  The  surveys, 

*.  ■  ■  v 

design  methods,  and  construction  procedures  involved  are  described  in  detail. 
The  book  deala  primarily  with  industrial  and  public  structures; 

The  book  ia  intended  for  engineers  and  construction  technicians 
•working  in  permafrost  regions  but  may  be  of  val'te  also  to  persons  engaged 
in  related  professions.  - 
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I  N  T  E  0  D  IT  C  T  I  0  N  .... 

'Intensive  efforts  to  exploit  the  vast,  rich  regions  at  the  north 
and-east  of  tho  Soviet  Union  (USSR)  are  accompanied  by  a  boo®  in  industrial, 
public,  and  road  construction  in  unpopulated  and  relatively  unexplored 
regions  of  extensive  permafrost. 

Permafrost  often  greatly  complicates  construction,  Involves  rorc- 
siderable  expenditure  of  money,  time,  and  energy,  and  occasionally  results 
in  relatively  irremediable  errors  that  lower  the  tempo  and  effectiveness  of 
tho  enterprise.  A  careful  study  of  construction  conditions  in  permafrost 
regions  reveals  that  most  complications  and  failures  were  and  still  are 
caused  by  the  fact  that  the  uniqueness  of  these  regions  is  not  taken  into 
consideration  because  of  inadequate  knowledge  of  permafrost ,  JLts  properties, 
and  related  phenomena.  It  is  known  that  constriction  results  weramore 
auccaeaful  and  the  structures  did  not  deform  whenever  permafrost  was  taken 
into  consideration,  Its  phenomena  studied  under  given  conditions,  and  cor¬ 
responding  measures  taken. 

■-  •  -  •• 

="  '  Proper  construction  on  permafrost  requires  special  knowledge  of 

frost  phenomena  in  general  and  thorough  study  of  the  actual  condition#' at  - 
the  eite  involved.  Nevertheless,  in  spite  of  numerous  failures,  deformations 
and  even  collapses  of  completed  structures,  the  engineers  oftert  still  lack 
kny  clear  understanding  of  the  tremendous  importance  of  knowing  tho  nature 
of  permafrost,  of  thorough  analysis  of  local  conditions,  and  of  the  need  to 
, coordinate  design  and  construction  methods  with  the  specific  local  manifes¬ 
tations  of  permafrost  and  the  corresponding  circumstances. 

Often  engineers  apply  methods  of  design,  construction,  andL  survey 
of  structure  sites,  which  have  been  firmly  established  and  were  found  abso¬ 
lutely  justified  under  nonpermai’rost  conditions,  to  new  ''ondltiona  such  as 
those  of  permafrost  conditions,  without  taking'  into  consideration  or  with 
Inadequate  consideration  of  the  fact  that  the  new  conditions  require  a 
special  approach.  Of  course,  the  results  of  such  an  attitude  readily  mani¬ 
fest  themselves 5 . deformations  occur  soon,  and  often  it  involves  the  need  for 
-gainr  gpsplete  Inns  of  the  structure.  It  is  .true  that 

knowledge  of  both  permafrost  and  construction  practice  on  permafrost  is 
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inadequate-  ' HeverthelSss,  since  a  certain  amo'int  of  knowledge  and  experience 
ig  available,  it  is  eaaer.tial  that  these  scientific  and  experimental  data  he 
judiciously  applied  in  all  cases. 

Thus,  the  primary  task  of  every  engineer  working  under  these  inter¬ 
esting  and  complex  conditions  is  to  become  better  versed  in  permafrost,  its 
’characteristic  phenomena,  and  -the  corresponding  ” ronstrnotidh  aspects.  The 
average  engineer  often  finds  this  task  extremely  difficult,  since  adequate 
knowledge  of  permafrost  implies  familiarity  with  a  number  of  subjects!  froRt, 
hydrolory,  geology,  soil  science,  meteorology,  etc.  The  available  data  1b 

scattered  in  numerous  sources  that  cannot  be. readily  utilized..  Other  sources 

-u  - 

were  not  intended  for  construction  engineers;  therefore,  they  contain  un¬ 
necessary  or  relatively- unimportant  material,  while  certain  major  aspects 
are  omitted.  Finally,  some  works  are  obsolete  or  contain  poor  material. 

Consequently,  it  is  both  interesting  and  valuable  to  endeavor  to 
prepare  a  work  that  would  enable  construction  engineers  to  familiarize  them¬ 
selves  with  permafrost  and  construction  on  it.  A.  sufficiimtly  complete  aftd 
detailed,  even  though  not  profound,  familiarization  would  serve  the  engineem 
as  a  firm  basis  for  further  development  of  their  understanding  in  these 
fields  and  for  an  intelligent  approach  to  the  tasks  of  surveying,  design,  and 
construction  under  permafrost  conditions. ' 

In  addition,  considerable  space  is  allotted  to  the  characteristics 
of  pnrmafrcst  and  its  regions.  Frost  science  specifies  construction  methods 
and  means  to  prevent  structural  deformation;  therefore,  the  chapter  dealing 
with  permafrost  and  its  properties  is  extremely  important  and  necessary  for 

•  •  ^  .-v  •  °  ■  ■ 

the  suhseqisent  chapters.,  ■  -  " 

The  deformation  of  structures  under  permafrost  conditions  should 
be  given  special  attention,  since  examination  of  such  deformation  determines 
the  effect  of  peraafrost  on  structures,  outlines  the  proper  course  for  engi¬ 
neering  effort,  and  clarifies  as  well' as  illustrates  the  phenomena  resulting 

.  "  -  j,  ’  .  y  ’ 

from  occurrence  of  permafrost. 

Measures  against  deformation  of  completed  structures’  are  compli¬ 
cated  and  often  very  expensive.  On  the  other  hand,  deformation  can  fre¬ 
quently  be  avoided  if  the  giver,  construction  conditions  are  tricrs^hly 
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considered Suable  construction  on  permafrost  depends  primarily  on  proper 
and  adequate  study  and  survey  of  the  site  'involved .  Advance  and  intelligent 
selection  of  the  construction  Bite,  based  on  knowledge. of  permafrost,  would 
prevent  probable  structural  deformation.  Since  survey  and  analysis  of  the 
construction  site  yield  extensive  specific  information",'' this  aspect,  is  fully 
developed  in  the  present  work.  Proper  selection  of  the  site  is  the  beat 
guarantee  of  structural  stability.  It  need  be  emphasised  that  effective  con¬ 
struction  and  normal  functioning,  of  structures  under  permafrost  conditions 
can  usually  bo  achieved  only  by  applying  the.  following  measuresi  proper 
selection  of  the  site  after  careful  surveys  and’  studies,  proper  selection 
of  layout  and  design  of  the  structures,  use  of  suitable  materials,  proper 
execution  of  the  work,  and  finally,  appropriate  operation  of  the  completed 
structures. 

The  present  work  is  of  limited  scope  and  discusses  the  pfrpblemD 
primarily  from  tho  standpoint  of  construction;  it  deala  mainly  with  indus¬ 
trial  and  public  strictures,  and  mentions  other  types  of  structures  only  in 
connection  with  the  formhr  or  when  necessary. 

The  last  chapter  of  tnis  book  is  devoted  to  aspects  of  experimental 
and  analytical  research.  Although  there  are  numerous  permafrosts experiment 
stations  and  considerable  sums  are  used  for  experimental  and  scientific  re¬ 
search,  the  organisations  involved  do' not  a3  yet  have  a  unified  plan  of 
activity.  In  most  cases,  these  stations  are  under  the  jurisdiction  of  dif¬ 
ferent  departments,  and  often  engage  in  studies  that  are  only  indirectly 
related  to  construction.  ■>'  - 

.In  order  to  obtain  timely  solutions  to  important  and  as  yet  soot 
problems,  it  is  necessary  to  unify  tho  efforts  of  tfc&ie  stations  and  ttr  con¬ 
duct  a  series  of  simultaneous  and  analogous  investigations.  In  this  way 
valuable,  mutually  corrective,  and  supplementary  data  can  be  rapidly  obtaine'1 

Chapter  VII  discusses  those  problems  which  could  be  solved  rela¬ 
tively  readily  but  the  solution  of  which  requires  experimentation  under 
various  conditions  and  in  quantity  sufficient  to  reduce  the  effect  of  chance 
and  probable  errors. 


CONSTRUCTION  0  N  PERMAFROST 
"CHAPTER  I 

GENERAL'  INFORMATION  AND  DATA  ON  PERMAFROST  - 

A.  Basic  Definitions  ar.d  General  Concepts 

Permafrost  or  permanently  frozen  mound  refers  to  a  layer  of 
around  located  some  distance  belcw  the  natural  ground  level  and  having 
a  negative  temperature  lasting  continuously  over  an  indefinite  time  in¬ 
terval  varying  from  two  years  to  tens  of  thousands  of  years  ,[l.  papa,  3o]. 
Thus,  the  torn  pormafroat  may  be  applied  to  any  ground  having  a  negative 
temperature  for  more  than  two  years,  regardless  of  its  type,  composition, 
moisture  content,  or  phase  (that  1b,  the  state  of  the  water  in  this 
ground),  and  regardless  of  whether  or  not  it  contains  water,  whethor  it 
,  is  friable  or  well  cemented  by  frozen  water,  whether  it  is  rock,  gravel, 

'  t’  '  • 

>;  sand,  loam,  slud  ,  etc. 

The  term  permafrost  is  conditional  and  by  no  means  implies  a 
permanently  or  eternally  frozen  stato  of  the  ground.  The  term  spocifies 
only  that  the  principal  body  of  the  frozen  ground  has  existed  since  pre¬ 
historic  times,  which  is  proved  by  the  fact  that  remains  of  prehistoric 
^  animals  are  found  in  permafrost. 

In  reality  permafrost,  which  usually  occurs  in  definite  regions, 
does  not  remain  unchanged  but  undergoes  considerable  change  within  re¬ 
latively  short  time  intervals.  A  riBa  or  fall  in  permafrost  level  may 
occur,  due  to  a  number  of  accidental  factors,  such  as  a  change  in  mar- 
face  cover  of  the  ground,  a  change  in  regime  of  ground  water,, or  even 
shading  of  a  given  area.  The  instability  of  the  permafrost  level  is  a 
universally  known  fact  which  every  construction  enginoor  must  take  Into 
consideration.  ,,  .  :  _  .  f  ./•  - 

The  permafrost  layer  is  usually  overlain  by  a  ground  layer  in 
which  the  temperature  changes  periodically  with  the  seasons  of  the  year. 

Numbers  in  brackets  refer  to  the  bibliography  at  the  end  of  this 
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Ground  that  oehav^s  as  if  acre  or  less  viscous  fluid  -  !J.  ?., 


As  w inter  sets  in.,-,  this  upper  lajfer.  of  ground  gradually  freezes  to  a 
depth  varying  greatly  with  local  condltionc.  In  most  permafrost  regions, 
this  'seasonally  frozen  ground  iierges  with  the  permafrost  layer  during 
December  or  January,  forming  n  single  frozen  mass.  In  places  where  the 
permafrost  layer  occurs  deep  beneath  the  surface  of  the  ground,  a  layer 
of  unfrozen  ground  remains  between  the.,  seasonally, frozen  layer  and  the 
permafrost.  The . thickness  of  this  talik  ranges  from  a  few  centimeters 
to.  several  meters.  .  ° 

In  the  spring,  ns  the  warm  season  of  the  yoar  sots  in,  the 
seasonally  frozen  layer  begins  to  thaw  at  the  surface j  the  thawing 
progresses  in  depth  with  influx  of  warmth,  until  the  warmth  ceaeoe  ahd 
is  replaced  by  a  new  cold  wave.  Deepest  thawing  usually  occurs  during 
September  or  October.  The  ground  layer  overlying  the  permafrost  and 
alternately  freezing  anal,  thawing  each  year  is  called  "active  layer, « 
since  the  physical  and  dynamic  processes  affecting  the  strength  and  sta¬ 
bility  of  structures  occur  primarily  within  this  layor.  Beneath  the 
permafrost  ie  a  ground  layer  of  positive  temperature  which  increases 
with  depth  in  accordance  with  the  geothermal  gradient  effected  by  the 
heat  flowing  from  the  interior  regions  of  the  earth's  core. 

Thus,  the  permafrost  is  bounded  at  the  bottom  by  a  surface 
of  constant  temperature  of  zero  degrees***  and  at  the  top  by  a  surface 
having  a  temperature  of  zero  degrees  during  maximal  thawing  of  the 
active  layer.  These  surfaces  of  zero  temperature  denote  the  upper 
and  lower  limits  of  permafrost.  The  distance  between  these  surfaces 
constitutes  the  thickness  of  the  permafrost  layer.  .This  thickness 
varies  in  accordance  with  tho  region;  it  ranges  from  a  few  centimeters, 
at  the  southern  boundary  of  permafrost  to  several  hundred  me tors  in 
the  extreme  north ,  -  J_  ”  '  . 

Ground  with  negativo  temperature  out  containing  little  or  no 
ice,  so  that  it  is  .not  adfrozen  and  stays  loose,  is  termed  *dry  perma¬ 
frost*  to  distinguish  it  from  ordinary  permafrost.  Such  ground  usually 

*Talik.-  K.  P. 

.  ^Centigrade  temperatures  and  metric  system  units  are  used  through- 
out  this  text.  -  it.  P.  "  '  "  ' 


consists  of  rocks, ■ gravel,  or  sand. 

The  tera  "degradation  of  permafrost"  denotes  a  process  where¬ 
by  the  permafrost  disappears  due  to  natural  or  artificial  causes.  Perma¬ 
frost  in  a  given  region  may  be  regarded  as  undergoing  degradation  if  the 
temperature  of  the  ground "gradually  riseB  from  year  to  year,  which  can 
be  determined  from  careful  observations  of  the  temperature  regime  of  the 
ground.  Unfortunately ,  the  degree  and  rate  of  degradation  are  iinknowi . 

The  origin  of  permafrost  is,  as  yet,  not  sufficiently  clear. 
Most  students  of  this  problem  are  inclined  to  believe  that  permafrost 
developed  during  a  recent  geological'period.  To  the  construction  en¬ 
gineer,  however,,  the  question  of  origin  of  permafrost  has  no  practical 
significance.  » 

With  regard  to  the  moisture  content  of  the  permafrost  and 
native  layers,  it  is  usually  assumed  that  the  ground  composing  these 
layers  is  supersaturated.  The  term  "supersaturated  ground"  refers 
to  ground  containing  more  moisture  than  its  water-holding  capacity. 
Complete  saturation  is  that  Btatn  in  which  all  the  porea  or  spacee 
between  soil  particles  are  filled  with  water. 

B.  Geography,  Morphology,  and  Qeneral  CharacteriBtics  of  Permafrost 

According  to  H.  I,  Suagin'e  latest  data  (V],  the  area  of 
permafrost  in  the  USSR  ie  about  10^  aq  km,  or  about  U7  per  cent  of 
the  entire  territory  of  the  country.  The  distribution  of  the  perma¬ 
frost  io  shown  on  the  nap  of  Fig.  1.  The  northern  part  of  the  perma¬ 
frost  zone  is  occupied  by  a  geographically  continuous  body  of  permafrost 
of  considerable  thickness.  Farther  south,  there  occur  individual  areas 
without  permafrost,  termed  "islands  of  talik"  j  still  farther  south,  near 
the  southern  boundary,  there  occur  only  islands  and  patches  of  perma¬ 
frost  within  a  continuous  mass  of  thawed  ground.* 

The  general  character  of  permafrost  is  similar  in  all  regions, 
except  that  the  more  southerly  part  of  the  permafrost  body  h&3  a  much 

Sporadic  permafrost  -  M.  P.  .  .  - 


higher  temperature,  so  that  it  differs  somewhat  from  the  northern  perma¬ 
frost.  The  approximate  southern  boundary  of  permafrost  begins  in  the 
'European  ’JSSR,  north  of  yezen,?  and  proceeds  southward,  crossing  the 
Pechora  River  at  the  Arctic  Circle;  then,  passing  the  Ural  Range  at 
latitude  65°  N,  if  crosses -the  Ob  River  2$Q  km  north  of  its  confluence 
with  the  Irtish  and  slightly  south  of  Berezovbj  from  there  it  proceeds 
toward  Turukhanek  and,  crossing  to  the  right  bank  of  the  Yenisei  River, 
sharply  turne  southward,  passing  between  Kansk  and  Krasnoyarsk;  then, 
west  of  Irkutsk,  it  proceeds  beyond  the  Soviet  border;  it  reappears 
there  in  the  USSR  in  the  east,  west  of  Khabarovsk,  procoeds  towards 
the  mouth  of  the  Selsmdzha  River,  follows  the  left  bank  of  the  Amur 
River  and,  crossing  this  river  near  Lake.  Klzi,  it  ends  at  the  Tartary 
Strait.  .. 

Two  basic  types  of  permafrost  or  our  in  a  vertical .cross  cac¬ 
ti  cn  i  (1)  uninterrupted  or  continuous,  cor  listing  of  a  Bingle  layer  of 
given  thickness,  and  (2)  layered,  consist  ng  of  permafrost  layers  al¬ 
ternating  with  unfrozen  layers.  An  example  of  the  second  type  was  ob¬ 
served  at  Igarka,  where  Eng.  N.  I.  Bikov  found  five  talika  in  the  perma- 
frost  within  a  borehole  62  m  deep.  Each  of  these  basic  types  of  perma¬ 
frost  may  comprise  two  varieties.  Uta  fiust  variety  occurs  when  the 
ground  layer  abov^  the  permafrost  completely  freezes -during  the  winter, 
so  .that  the  entire  thickness,  extending  fr- m  the  surface  to  the  lower 
limit  of  the  permafrost,  forma  a  single  frozen  mass.  This  variety  is 
designated  as  merging  permafrost.^ The  second  variety  occurs  when  tallk 
always  exists  between  the  active  layer  and  tho  upper  limit  of  the  perma¬ 
frost.  This  variety  ia  designated  as  nontnsrginp  permafrost. 

Accordingly,  with  respect  to  a  vertical  cross-section,  perma¬ 
frost  may  be  classified  as  follows!  continuous  and  merging,  continuous 
and  norsierging,  layered  and  merging,  and  layered  and  nonmorging.  In 
accordance  with  this  classification,  the  occurrence  of  permafrost  can  be 
represented  by  four  schematic  geological  sections,  os  shown  in  rig,  2. 

*lhe  geographical  names  are  in  accordance  with  the  1 9iu7  World 
Atlas  of  the  Encyclopedia  Sritannica.  -  M.  P.  V 


Due  to  several  factors,  the  thickness  of  the  permafrost  layer 
-  varies  greatly  not  only  with  the  regions  involved,  but  also  within  a 
given  region. '^The  thickness  of  the  permafrost  layer  does  not  remain 
constant,  but  increases  or  decreases  due  primarily  to  changes  in  either 
the  regime .^f  the  ground  wat$r  or  the  state  of  surface  cover  and  veg¬ 
etations  It  is  obvious  that  the  upper  and  lowor  limits  of  the  perma¬ 
frost  cannot  be  planes,  but  have  a  random  and  irregular  contour. - 
The  contour  of  the  upper  limit  depends  on  the  following  aspects  of  the 
locality  involvedi  topography,  geographical  location,  nature  of  sur¬ 
face  cover  (forest,  bushes,  grass,  moss,  peat,  plowed  field,  road, 
etc.),  geological  structure,  and  hydrological  conditions.  In  other 
words,  the  contour  of  the  upper  limit' has  its  own  microrelief,  differ¬ 
ing  from  that  of  the  ground  surface.  For  this  reason,  the  entire  active 
layar  does  not  freeze  uniformly  and  simultaneously  which,  in  turn,  re¬ 
sults  in  nonuniform  Bwolling  of  the  ground  and  formation  of  ground 

(A  (> 

icings.  Because  of  lack  of  adequate  investigations,  it  is  Impossible 
at  present  to  furnish  any  definite  information  rerarding  the  contour 
of  the  lowor  limit  of  permafrost;  in  most  cases,  howover,  this  aspect 
Is  of  no  'significance  as  far  as  strength  arid  stability  of  structures  ~ 
are  concerned. 

,v  ■ 

Even  in  the  case  of  natural  local  regime,  the  uppor  limit 
of  the  permafrost  Is  rot  constant  and  varies  vertically  bacauso  of 
numerous  accidental  factors.  Human  activity  nearly  always  affects 
the  position  of  this  limit;  it  may  lower  this  limit  or  raise  it,  de¬ 
pending  upon  circumstancas,  thus  chanping  {the  thickness  of  the  perma- 
frost. 

The  following  figures  demonstrate  tho  variation  in  the  thick¬ 
ness  of  permafrost:  27ii  m  (the  lower  limit  has  not  been ■  reached)  at 
Amderma,  in  the  extreme  north  of  Siberia;  mere  than  136  m  (the  lower 
limit  has  not  been  reached)  at  Yakutsk;  67  m  at  Bushuloya;  U?  m  at 
Petrovsk-Zabaik&lsk;  5 0  m  at  Skovorodino;  71  ro  at^Yaldan;  1  to  Zo 
in  the  Talshet-Padun  region;  Ij6  m  at  Zilovo;  m  at  Mqfton.  Thus, 
it  is  evident  that  the  thickness  of  the  permafrost  greatly  diminishes 
in  the  southern  regions,  •  u. 


The  thickness  of  the  permafrost  is  of  definite  importance  to 
construction  engineers,  since  this  thickness  must  be  taken  into  considera¬ 
tion  whan  structures  are  erected  in  accordance  with  the  principle  of  perma¬ 
frost  conservation.  -  If  the  permafrost  layer  is  thin,  it  io  improbable  that 
it  will  remain  pernafro&en  after  the  construction. 

The  temperature  of  the  permafrost  layer  haa  not* been 'sufficiently 
investigated  as  yet.'""  Meanwhile,  data  about  permafrost  temperpture  are 
of  considerable  importance  to  those  working  at  construction  on  permafrost, 
since  determination  of  the  cold  reserve  in  the  ground,  which  is  related 
to  the  thickness  of  the  permafrost,  constitutes  one  of  the  major  considera¬ 
tions  for  determining  whether  it  is  feasible  to  conserve  the  permafrost  be¬ 
neath  the  structure  or  to  eliminate  the  permafroet  by  natural  or  artificial 
aeane.  Moreover,  tempor^ture  data  are  needed  to  determine  the  strength 
of  the  permafroet.  finally,  such  data  aro  valuable  for  clarifyingthe 
aepeet  of  settling,  ftie  lower  the  temperature  of  the  permafrost,  the 
stronger  the  ground  and  the  easier  to  achieve  permafrost  conservation 
at  the  base  of  the  structure. 

It  should  be  noted  that  a  permafrost  temperature  of  about  -0.5°  C 
or  higher  does  not  assure  permafrost  tonservatlon  at  the  baee  of  a  struc¬ 
ture,  while  temperatures  ranging  from  0.0°  C  to  -0.3  C  may  cause  con¬ 
siderable  settling  of  the  froeon  ground  under  load.  The  temperature  of 
the  upper  portion  of  permafrost  is  not  constant,  but  varies  with  the  sea- 
8 on  of  tho  year  and  several  accidental  factor®. 

Available  data  yield  the  following  approximate  geographical 
distribution  of  the  permafrost  in  accordance  with  temperature  [2,  pa^e  308] . 

No.  Region  Temperature 

in  Degrees  C 

1  north  of  Mezen  a-0.5 

2  lower  reaches  of  the  Usa  River 

(right  tributary  of  the  Pechora 
Rivor)  to  the  , Vorkuta  Estuary  -1 

3  from  the  northern  Ural  Range  east¬ 
ward  to  the  Taz  Bay  -3  to 


No.  Region  Temperature 

"  .  •"  ■  "  in  Degrees-  C. 

U  f rot:-  Tai-  Bay  to  the  Anabara 

...  River  '  -$  to  -7 

5  v .  from  thi.  Anabara  River  to 

the  Kolyma.  River  at  the  '  ■ 

61ith  parallel  '  -6  to  -8 

0  Anadyr  Estuary  -J> 

7  WQBt  of  Lake  Baikal,  7.herever 

permafrost  occurs  t-n.) 

8  north  of  Lake  Baikal  to  the 

Pacific  Ocean,  and  south  to 

the  Soviet  border  Js-l.g  >■ 

These  regions  can  be  divided  into  three  groups i  northern,  with  perma¬ 
frost  temperature  below  ~'y°,  C;  middle,  with  tomperatures  ranging  from 
-5°  C  to  -l.£°  C{  southern,  with  temperatures  above  -1.5°  C. 

Permafrost  may  comprise  every  type  of  ground.  However,  con¬ 
struction  is  most  hazardous  and  difficult  in  the  case  of  wet  silt  and 
loam  which"  turn  into  slud  when  thawed;  clay  loam  and  fine  aand  fall 
into  the  same  category.  Coarse  sand  and,  particularly,  gravel  or  con¬ 
glomerate  drain  readily  and  are  more  suitable,,  provided  that  they  con¬ 
tain  only  amail^u&r.tities  of  pure  ico  (ground  ice).  The  quality  of 
permafrost  refers  to  its  capacity  for  considerable  settlinr  during 
,  thawing  beneath  a  structure  and  to  the  difficulty  it  involves  during 
construction  operations.  Sandy  loam  and  loamy  sand  usually  occur  in 
...  permafrost. 

Permafrost  is  quite  strong  until  thawed.  The  water  saturating 
the  ground  and  adfreesing  to  it  cements  it  so  strongly  add  forms  such 
a  solid  mass  that  it  is  extremely  difficult  to  excavate  this  ground. 

It  is  nearly  impossible  to  use  a  pick  or  crowbar  in  permafrost ;  it  be¬ 
comes  necessary  to  use  explosives  or  to  than  the  ground  with  bonfires 
.  or  natural  solar  heat.  -  ■  ' 

Silty  ground  of  high  moisture  Gohtent  thaws  during  the  summer 
in  the  course  cf  construction  work  and  turns  into  slu_d;  this  interferes 


3 


with  operations  because  traffic  becomes  impossible .  lien,  horses,  wagons, 
and  machines  tend  to  sink  into  the  liquid  ground. 


Data  on  moisture  Content  of  permafrost  are  of  great  iiup  ortanco. 
The  relative  moisture  content  iB  a  factor  in  determining  the  operational 
procedures  snd  the  probable  amount  of  settling  under  load-and  affects 
the  strength  of  the  frozen  ground.  With  respect  to  mechanical  properties 
of  permafrost  *  the  most  favorable  moisture  content,  axpreseod  ;-.s  per  cent 
of  voids  filled  with  water,  -is  approximately  as  follows*  . 
for  pure  sand  ......  75  per  cent 

for  pure  clay  ......  1*5  per  cent 

With  regard  to  the  affect  of  moisture  upon  settling  Of.  thawed'---' 1 
ground;  even  3C  to  35  per  cent  moiaturo,  which  corresponds  to  the  water- 
holding  capacity  of  common  permafrost,  constitutes  a  hazard  Settling 
is  slight  only  if  the  moisture  content  is  approximately  two-thirds  of 
the  water-holdinp  capacity.  When  referring  to  the  moisture  content  of 
frozen  ground,  the  term  "moioturo  contort"  is  usually  replaced  by  the 
term  "ice  content"  or  "saturation  with  ice|B  these  terms  havo  the  seme 
meaning,  in  the  case  of  permafrost,  provided  that  they  rofer.to  moisture 
by  weight  and  not  by  volume.  The  distribution  of  moisture  in-a  perma¬ 
frost  layer  usually  is  variable.  However,  the  uppermost  portion  of  the 
layer  has  a  relatively  higher  moisture  content.  Accordingly,  in  the 
proce88  of  construction  It  is  often  sensible  to  penetrate  the  uppeh, 
highly  wet  layer  ,.<*£/  permafrost  and  to  extend  tho  foundations  1  to  2  m 
below  the  upper  limit  of  Iho  permafrost,  basing  the  structure  on  ground 
that  is  less  wet,  even  though  frozen.  Figure  3  shows  a  typical  dis¬ 
tribution  of  moisture  in  the  permafrost  and  active  layers.  g 


lbs  mechanical  strength  of  frozen  ground  is  of  major  interact 
tc  construction  engineers.  N.  A.  Tsytovich  [2,  page  150]  has  conducted 
careful  ami  adequately  detailed  tests  of,  this  strength.  These  tects, 


as  wojI-^s  tho  tests  by  I*  S.  Vologdina  and  others,  demonstrate  that 
the  caapre'saiye  strength  of  frozen  ground  is  generally  much  hiphor  than 


that  of  cosseon  thawed  ground,  and  depends  upon  teEpurature,  moisture 

*'■'  -f  s  '  ■  -j-  ■ 

content  cr  -aatur&tioft  with  ice,  and  aeichfini cal  composition  of  the  freund* 


4jv»  , r  uflir 


1.  The  compressive  strength  of  sandy  ground  is  higher  than  that 
of  clayey  ground,  all  other  conditions  being  equal. 

2.  The  strength  of-  the  ground  increases  with  increase  in  moiBturo 

content  up  to  the  water-holding- capacity.  „  •  . 

3.  Any  further  increase  in  ttoisture  content  produces  no  increase 
in  .strength  and  often  decreases  the  strength  of  tho  frozen  ground. 

li.  The  compressive  strength  of  frozen  ground  increases  with  the 
lowering  of  temperature. 

Table  1,  compiled,  from  the  data  by  N.  A.  Tsytovich,  presents 
comparative  values  of  mechanical  strength  of  three  typeB  of  frozen 
ground  at  various  temperatures  and  relatively  low  saturation  with  ice. 
These  values  confirm  the  preceding  statement  regarding  the  effects  of 
mechanical  composition  and  tempegeture  on  strength.  Since  those  are 
experimental  data,  they  can  be  used  only  for  purposes  of  approximate 
comparison  and  are  unsuitable  for  accurate  and  final  practical  design. 

Table  I 


COITRESSTVE  STRENGTH  OF  FROZEN  OROUND 


Classification 
by  Texture 

Temperature  in 
Degrees  C 

Per  Cent  Moisture 
by  Weight 

Compros'rive 
Strength  in 

Kg  per  Sq  Qa 

Sand 

-  1 

*17 

62 

-  3 

17 

78 

-  6 

17 

99 

-  9 

17 

118 

-  12 

.17 

131 

-  20 

17  - 

152 

day  loam 

■  -  0.3 

13 

6 

-  1.5 

U8 

16 

-  5 

..  21 

u* 

-  12 

17 

50 

-  0.3 

59 

5 

Silty  clay  loam 

-  1.1 

20 

29 

-  5 

30 

30 

—  -!c 

61 

35 

Table  II,  likewise  compiled  from  experimental  data  by  H.  A. 
Tsytovich,  presents  values  of  compressive  strength  of  various  types  of 
ground  at  temperatures  corre upending  to  these  occurring  in  natural 


permafrost  (since  temperature?  lower  than  -u°  C  rarely  occur  in  actuality) 
and  at  moisture  contents  approximately  corresponding  to  lull  saturation 
with  ice.  Nevertheless,  as  in  the  case  of  Table  -I,  even  these  data  must 
be  regarded  as  approximate. 

" Table  II 

'  COX*PRESSIVE  STRENGTH  OF  1CB-SATURATBD  FROZEN  GROUND 
Compressive  Strength  in  Kb  per  Sq  Chi 


Classification 
by  Texture 

At  Temperatures 
Not  Lower 

At  Temperatures 
From  -0.5 

At  Temperatures 
From  -1.5 

-  Than  -0.5  C 

To  -1.5  0 

To  -2.0  C 

Sand 

22 

27 

>  36 

Loamy  sand 

'  11 

22 

— 

Sandy  loam 

10 

20 

26 

Clay  loam 

6 

17 

25 

'Silty  clay  loam 

5  ■ 

45 

..  23  :f"  '  ■ 

Tho  nocharical  properties  of  thawed  ground  differ  radically 
from  those  of  the  same  pround  when  frozen,  particularly  in  the  caso  of 
supersaturated  loams  and  silts.  Upon  thawinfc,  the  strength  of  the 
ground  frequently  decreases  to  zero  and  extensive  settling  occurs. 

(f  - 

The  C'WnpoBitlon  of  the  active  layer,  or  of  its  lower  portion 
at  any  rate,  is  similar  to  that  of  the  permafrost.  In  the  case  of 
merging  permafrost,  the  thickness  of  the  active  layer  corresponds  to 
the  depth  of  maximum  thawing  reached  at  tho  end  of  the  warm  season. 

In. the  case  of  hortnerping  permafrost,  the  thickness  of  the  active  layer 
corresponds  to  tho  depth  of  maximum  freezing  reached  at  the  beginning 
of  the  war®  season.  The  thickness  of  the  active  layer  (layer  of  winter 
freezing  and  summer  thawing)  depends  oil  several  factors^  the  major 
factors  aret  climate,  composition  of  the  ground,  vegetation,  and  moietur* 
content.  The  depth  of  the  active  layer  is  greater  in  the  south  t-hor.  in  tho 
north,  all  other  conditions  being  equal.  It-  is  greatest  in  the  case  of 
sandy  and  gravelly  grounds,  is  mediuci  in  the  case  of  loamy  grounds,  and 
is  smallest  in  the  case  of  peat  bogs.  Thick  moss  cover  greatly  reduces 
the  depth  of  the  active  layer;  in  the  extreme  north,  for  example,  this 
coyer  limits  the  depth  of  the  active  layor  to  about  20  era..  The  active 
layer  is  .thicker  in  dry  ground  «i.il  thinner" in  wet  ground;  1 


Available  observations  yield  the  following  approximate,  a '/era 
values  of  thickness  of  the  active  layer: 

Type  of  Ground  Oeographlcal  Locntlor1)  Thickness  in  ;,ioto; 

Sand  south  of  55th  parallel  3.0  to  1  ji.O 

‘  .  at  the  latitude  of  Yakutsk 

(62°  N)  2.0  to.  2.J* 

at  the  Arctic  Coast  of  Siberia  ..-1.2  to  1.6 

Peat  Ions  south  of  55  th  parallel  ^  0.3  to  1.0 

in  the  extreme  north  0.2  to  0.1* 

loaa  intermediate 

It  should  be  noted  that  these  values  wore  obtained  from  observations 
under  natural,  undisturbed  conditions. of  the  local  regimej  disturbance 
of  this,  which  is  inevi table  whenever  man  appears  and  engages  in  econom 
activity,  ro suits  in  a  change  in  tho  thickness  of  the  active  layer. 
Other  conditions  being  equal,  the  active  layer  under  baro  surface  la 
everywhere  0.5  to  1.0  m  thicker  than  under  natural  surface  cover.. 

Moisture  distribution  in  tho  active  layer  .4.8  not  uniform  and 
depends  on  several  factors.  However,  the  lower  portion  of  this  layer, 
directly  overlyinp  the  permafrost,  usually  hae  a  relatively  higher 
moisture  content.  The  moisture  content  of  the  active  layer  is  of  grant 
importance  to  the  construction  engineer,  since  it  is  the  major  factor 
which  determines  the  adfraezing  strength  between  tho  active  layer  and 
the  foundations  laid  in  this  layer.  In  addition,  swelling  of “tho  groun 
depends  to  some  extent  upon  the  moisture  content  of  the  active  layer. 

Bie  temperature  of  the  active  layer  depends  ontiroly  upon  the 
time  of  the  year  and. the  thormal  regime  of  tho  locality  involved.  The 
effects  of  mechanical  composition  and  moisture  content  of  the  ground  .on 
temperature  and  particularly  on  the  rate  of  heat  transfer  into  the  acti 
layer  have  beer,  insufficiently  investigated  afi  yet.  It  is  known,  howev 
that  wet  ground  freezes  slower  and  to  a  shallower  depth  than  dry  ground 
because  part  of  the  cold  entering  the  ground  is  consumed  in  the  process 
of  transforming  the  water  in  the  wet  ground  into  ice. 

Of  particular  interest  to  Construction  engineers  is  the  fact 
that  both  tho  minimum  and  naxictun  t.ei.;persturfir  dr  ’!;0  notivo  isyor  lag 


twn  to  three  months  behind  the  cohrespondini1,  mean  monthly  temper uturos 
of  the  air.  This.. fact  Is  well  illustrated  by  - the  data  of  -Table  III 
showing  the  mean  monthly  temperatures  of  the  active  layer  at  a  perma¬ 
frost  station.  At  a  depth  of  2  m  in  the  active  layer,  negative  temper¬ 
ature  occurs  in  December,  while  frosts  set  in  at  the  end  'of  September 
or  at  the  bepinhinp  of  October!  on  the  other' hand,  positive  temperature 
replaces  the  negative  temperature  in  August, .. although  frosts  ceube  in  May. 

Table  III-. 


MEAN  MONTHLY  TEl'PERATcRES  Or  THE  ACTIVE  LAYER,  IN'  DEGRESS  C 


Depth  j 
in  j 
liters 


*  .  ;  i 

■12’. 9  ti3.oT-Ti  I  -3.3 


2.00  j -  0.1* 


Apr. 

May 

Juno 

-30 

_ 

0.3 

-6.2 

-3-5 

-0.9 

1.6 

-2.o 

-1.1* 

-0.9 

-2.6 

-1.5 

-1.0 

_ 4... 


Oct.  Nov. 

1.5  -2.2 

1.6  0.0 
iJ.o  0.1 
0.6  0.1 


In  December  or  January  the  upper  pround  freezes  only  to  a  depth  0 
1.0  to  1.5  m,  so  that  an  unfrozen  layor  0,5  to  1.0  m  thick  occurs  botwoen 
this  active  layer  and  the  permafrost.  This  fact  is  of  considerable  imporr 
tance  to  tho  construction,  enri.noer,  since  the  unfrozen  water  in  the  talik 
tends  to  feed  the  around  that  swells  durinp;  freezing,  while  the  water  com¬ 
pressed  by  the  frozen  crust  of  the  pround  is  thus  under  pressure.  More¬ 
over,  this  talik  facilitates  lcinr  proceosoe. 


The  active  layer  firmly  adfreezes  to  the  supports  of  structures 
durinp  winter  freezirp.  Durinp.  deformation  of  the  active  layer,  such  as 
swellinr,  for  example,  the  pround  increases  in  volume  and  deforms  the 
support  by  hoavinp  it.  Ehen  the  adfreezinp  between  the  eround  and  the 
support  is  weak,  tho  swellinr'  layer  separates  from  the  support  and  oxorts 
no  effect  on  the  structure.  Accordinply,  adfroozinp  strenrth  is  an  im¬ 
portant  factor  in  construction  because  it  affects  structural  stability.' 

Tho  adfreeztng  stren'th  between  the  active  layer  and  various 
typos  of  structural  supports  has  r.ot  been  adequately  investigated. 
Available  laboratory  data  convey  only. An  indefinite  idea  of  its  mag¬ 


nitude, 


while  actual  field  data  are  few  and  not  fully  reliable  because 


cf  inadequate  ver idlest. ’  cr.!'  ’  ^nevertheless,  the  following’  may  he  regarded 
•in  ea’tablis!  .od  ; 

(1)  Laboratory  data  j.reatly  exaggerate  the  Aili'roeztng  strength, 

OS  compared  v.ith.  acVuI  tty-  „  ■  -  -  ■  '*•  - 

(2)  Adfreezihg  stret.rth  is  not  uniform  throughout  5 ha  Perth  of 

the  active  layer,  ...  ■  * 

-.  (l)  Hazardous"  adfreezing  occurs  •  only  within  part  cf  tbe~"aciiJve 


’aver • . 

(Ii)  Adfreezinn  strength  increases  with  Hoeroasing  temperature  of 
the  ground,  other  conditions  being  ecjMal,  *  •;# 

(':>)  A'’freezing  strength  increases  as  moisture  content  increases 
to  the  print  of  co~r-',ntf!  saturation  of  the  ground  and  is  less  than 
maximum  when  the  ground  i's  Buperaat’irated. 

(6)  Adfraezing  strengths  of  sand  and  sandy  ground  arc  gronter 
than  those  of  loam  and  loasy  ground  under  conditions  o!"  similar  mois¬ 
ture  content.-  « 


Table  IV,  cor.iiled  from  laboratory  data  by  !».  Al  Tsytovich, 
shown  tiK’  effects  of  temperature  and  mechanical  composition  on  the  ad- 
«  freesin,-  strength  between  ground  and  wood.  The  values  shown  are  not 
necessarily  indicative  of  actual  conditions,  but  give  a  fair  idea  of 
the  relative  magnitude  of  adfreezinir  strength  under  x'arions  condltione. 
The-' dal  a  oT  this  table  arc  not,  suitable  for  deslrn  purposes  but  serve 
merely  to  il’uotrahe  the  effects  of  composition  and  temperature  on  ad- 

.r  ,  .  ■  c  ' 

freezing  strength.  Examination  of  these  data  reveals  that  the  last  two 
magnitudes  of  adfreezing  strength,  referring  to  gravel  in  which  tho 
voids  are  filled  respectively  with  ice  and  clay  loari,  an?  particularly 
unreliable  for  several  reasons. 

firstly,  Table  IV  shows  that  the  adfpeezing  strength  of  pure 
gravel  having  a  saturation  coefficiant  of  79  peh  cant  is  only  0.9  kg 
per  sq  ca  at  a  teiyeratnre  of  -9°  C,  while  the  sdfreezing  strength  of 
gravel  fully  saturated  with  ice"  is  27.1  kg  per  3q  cm,  or  10  tines  as 
large  at- the  same  temperature.  This  is  impossible,  as  the  moisture 
content  in  the  first  case  does  not  differ  greatly  from  that  of  tho 
other  case.  Secondly,  it  ceers  improbable  that  the  sdfreezing  strength 
of  pure  gravel,  which  is  determined  primarily ! by  the.  adfreezing  strength 
~i>a tween  ic,j  anu  wOvd- 1 i 3  •  i  sg  per  rq  cm) “>*  latter  strength, 
to  such  extent  (2?13  - H.7  °  V*  6  kg  per  sq  cm,  or  twice  as  large). 


'  -  -  table  rsr. 

TANGENTIAL  ADFREEZING  STRENGTH  BETWEEN  WOOD  , 

AND  FROZEN  GRODNO  OF  DIFFERENT  TEXTURE  AT  TART ODD  TEMPERATURES 


Classification 

by 

Texture 

i  Temperature 
in 

i 

|  Degrees  C 

Per  cent 
Moisture 
i  -by  Weight 

T — — - * - - - 

Tangential 
Adfreezing  Strength 
in  Kg  per  Sq  Cm 

Ice 

- 1 

t 

* 

5-0 

--  -- 

-5’ 

-  "  ‘ 

6.2 

•  •  ,-T- 

ii:  ■  _  *? 

^  1 

- 

11.6 

-10 

'•  1 

13.7 

*■ 

-20 

- 

22 

Clay  loam 

0.2 

”  .27. 

2.9' 

f  -1-5 

27 

2.9 

.  -  5.8 

28 

11.1 

-10.8 

28  . 

18.6 

Loamy  sand  „ 

-  0.2  H 

12 

1.3 

-1.2  ' 

13 

•  7.0 

! 

-  5.2 

15  ' 

19.6 

-10.7 

-  lh 

28.7 

Silty  clay  loam 

-  0.2 

30 

“  3.6 

-  0.5 

33 

6.1 

- 

■  -5.7  !  „  1 

i  38  o' 

10.6 

.  .  ■  , ,  '  -  1 

,  -10.3  ! 

!  '  33 

18.3 

Fine  gravel  {saturation 

1-  .  i 

j 

■ 

coefficient  77  per  cent) 

■  -10  j 

j  •„ 

W-  .  2.6 

Medium  gravel  (saturation 

coefficient  79  per  cent) 

-  -10 

- 

0.9 

Gravel  saturated  with  ice 

-  9.5 

28 

27.3 

Gravel  saturated  with 

clay  loan  „ 

-10.2 

28 

30.6 

Similarly,  it  la  equally  improbable  that  the  adfreeslng  strength  of 
gravel  in  which  tha  voids  are  filled  with  clay  loam  increases  so  much  that  it 
is  almost  twice  as  large  as  that  of  clay  loam  at  the  same  temperature  and 
moisture  content.  " 

u  .  fX.  ■■  . 

It  is  obvious  that  the  excessiveness  of  the  magnitudes  Involved 

.  -  ;  .  //  -c  ■  ...  .  •  ---  •  -  • 

must  be  due  to  some  chance  factors.  Nevertheless,  they  are  of  interest 

because  they  demonstrate  that  the  adfreesing  strength  can  be  greatly  in¬ 
creased  when  clay  loam  fills  the  gravel  voids.  /•:-  ■ 


Accordion  to  Tsytovich's  recent  data,  tho  rate  of  load  ap¬ 
plication  has  a  considerable  effect  on  the  adfroezing  strength.  Test 
results  shov;  that  sdfroesing  strength  is  two  to  three  times  greater 
at  rapid  leading  than  at  slow  loading/-*-  Ttfytevich  a-ttributas  this 
phenomenon  to  the  plasticity  of  frozen  ground.  „ 

C.  Main  Geophysical  Properties  of  Permafrost  Eegione  and  Tholr^lfect 
on  Construction 

The  active  layer  is  often  quite  wet  and  even  super saturod. 

High  moisture  content  of  tho  upper  layers  of  ground  is  typical  for 
permafrost  regions,  When  the  permafrost  layer  occurs  at  considerable 
depth,  the  hiph  moisture  content  of  the  active  layer  is  due  to  the 
fact  that  tho Vround  comprising  this  layer  doostfipt  readily  yield  water 
to  the  adjacent  layors.  In  other  caseB,  Buporsaturation  of  the  active 
layer  is  due  to  the  factB  that  the  upper  layers  of  ground  are  under¬ 
lain  by  rock  at  shallow  depth  and  that  this  rock  is  either  absolutely 
impervious  or  nearly  so.  finally,  whenever  the  active  layer  is  directly- 
underlain  by  permafrost  or  the  permafrost  occurs  at  shallow  depth,  so 
that  thin  talik  forms  between  the  active  and  permafrost  layers,  the 
upper  layer  of  ground  is  supersaturated  because  the  permafrost  is  prac-., 
ticaliy  impervious. 

It  is  obvious  that  in  the  preceding  cases  anu  particularly 
in  the  last  one,  that  it,  whordver  considerable  summer  precipitation 
occurs  in  permafrost  regions,,  a  large  quantity  o'  ground  water  is 
present,  tha  water  table  is  close. to  the  ground  surface",  and  the  upper 
layer  of  ground  is  penorally  highly  saturated. u  Under  conditions  of 
appropriate  mechanical  composition,  this  upper  layer  tymda  to  turn 
into  slud  (saturated  very  fine  sand  or  silt  occasionally  containing 
a  considerable  admixture  of  clay  loam). 

In  addition  to  the  gravity  wator  that  tends  to  percolate 
gravitationally  into  the  ground  to  the  upper  limit  of  the  permafrost^ 
the  low  temperature  of  the  permafrost  causes  continuous  condensation 
of  water  vapor  from  the  active  layor  on  tho  permafrost  surface  when 
the  active  layer  is  in  a  state  of  thaw.  Thural'orc,  .the  portion  of 
the  active  layer  directly  bverlyihp  tho  upper  limit  of  permafrost 


cancer 

during 


Several  physic?  1  ana  dearie  procesf et  constituting  the  r.nj 
-of  structural  deferbarini.  occur  in't;.o  highly  wet  active  lay-; 
it,?,  freezing  and  thawing.  When  the  water  in  the  rrcuhtl  :ruo; 


recurs  •••swelling  wld  ch  uplifts  the  overlying  ground  ley  or  8  and, 

''  <}V  '  • 

« iBv-vi«iieo*.JS? y.  the  fonnewti err,  columns,  piles,  and- other1  structuri 
ul  nir.’-r  tf.  Swn •lin;  occp.slnnp.ily  attains  a  height  measuring  ter  c  of 


Swell  in  any  .ufect  l*»rre  drear.  V.  V.  Blenevsky,  an  oruoi 
*uo  made  a  level ir.-"  nus  v<  y  kit1  stumps  In  a  marshland,  hes  found  that 
:.w,V;l  in”  -fautod  .w-a*  stumps  to  bo  di spls red  vertically  a  dietanco-  o. 
■if’  » 'In  aiuit’pn  to  itr  direct  yi'ictt  on  structures  erected  unde 
<v  n  1  ti <k  considerable  swelling  of  ground,  the  phenomenon  of 
swv5.  j  in."  ir  ir.,-*  rtsr.t  i 1: .  construction  l  ecr.rco  tho  ground  elevations 
j  r.,;od  during  topograph ic  surveys  in  the  v.irtur  will  differ  co 
r .nor iit'iy  fr ■■if.,  those  or tael lined  in  the  suraru-r.  Therefore,  winter 
: i.T-v'fjyr.  nearly  •lv.ayc  n-oul  l  in  large  errors.  Previous  experience..) 
ti.it  a  dlfiVrojg-*  depth  of  frozen  ;•?:«  und  at  opposite  sides.. of  a 
T  •  vJviatj  -j  'yr educes  s  reptilian*  horizontal  pressure  which  may  attai 
uihgiiitiiiie  uuiJ. ieient  to  cause  failure  ei  a  four.dfl.tion  not  designs 

"  ..i.'fi  .■ 

t-  withstand  tduh  r  trustee.''  . 


As--wntu«sl .fr<;p5ir.»-  sots  in,  .tin.-  ground  water  becomes  curpi 
iot.wve«  .the'  ir.porvi.ouc  pdrr.eii  ost-  ur.de  rndeth  the  steadily  prowl  nr  i 
iftye;  nt  ova  .  let  rewJltar.t  nydreetatie  -pressure  is  extremely  hirh. 
Vif'c*.  ,!;>-’or  ..inis,  pressures*  the  water  seeks  an  outlet  to  tho  surf.: 

i.’wards  unlYcrwr  areas,  such  s$  tho  areas  beneath  structures 
*h»'f the  f razors  layer  is  net  yet  thick,  bursts  tiiieugh  the  upp- 
.  !=»/•  r;  pours  :>ut yver  ttiu  /round  surface  or  under  a  structui 

vs.'J  forms  gri  ucu  Ivin-P, 

fi.«  wni  ar  in  contact  .with  the  permafrost  transfers  its  Un 
s.il  Jir.ei  y  be  *;.<•-  peir.sfrerf.  sr.d  ♦.•■ndc  'to  thaw  it,  while  the  pairs: 

: bbs  iL-a’  vht  thermal  er.crry  .r  1-  vho--*««nt.i<r,  t-.-r.ds  to.  -transfdri 
:  r-—  u  liqv.id  ir’.'.t  g  u.i?  is,  into  i fo .  Ac  i  re- 

-•'  fiu  V  '■dlv:'.:id;.-u- S‘.n--:.r>  ,-ftivu.  e  ^ilitu  iun  occurs  in  -  •■••!: 


-  permafrost  region  under  giysr.'  conditions.  ’between  the  volume  of  surface 
and  rround  waters  in  the  liquid  phase  and  the  reeime  of  the  permafrost, 
that  is,  its  geographical  and  geological  continuity,  -its  thickness  and 
temperature..  Therefore',  it  is  essential  that  the  construction  engineer 
make  a  careful  survey  of  the  hydrology  and  hydrogeology  of  the  given 
-region  and  take  the  results  into  consideration  when  planning  or  con¬ 
structing  any  type  of  structure.  . 

According  to  N.  1.  Tolstikhin,  the  presence  of  permafrost  specif 
the  classification  of  ground  water  in  the  permafrost  region  into  three 
mutually  related  types t  suprapermafroBt,  eubpermafroet,  and  intraperma- 
frost.  Supraperaaf^cst  water  is  rround  water  above  the  Impervious  perma¬ 
frost’  layer.  This  water  usually  occurs  either  in  liquid  or  Bolid  state, 
dopondinp  on  the  season  of  the  year;  in  cases  when  winter  froosing  (that 
1b,  the  active  layer)  doeB  not  reach  the  uppor  limit  of  permafrost ,  this 
wator  remains  liquid  throughout  the  entire  year.  Tfheji  the  active  layer 
freezes,  the  suprapermafrost  wator  causes  deformation  of  the„ground  sur¬ 
face,  in  the  fora  of  froBt  mounds,  polygonal  markings,  etc.  Intraporma- 
frost  water  occurs  within  the  permafrost.  The  solid  and  liquid  phases 
of  this  wator  remain  s, table  with  respect  to  time.  In  its  liquid  state, 
this  water  does  not  exist  independently  but  links  the  euprepormafrosl 
and  subpermafrost  waters;  Subpermafrqst  wator  occurs  beneath  the  perma¬ 
frost,  often  at  considerable  depth.  It  is  always  liquid  and  under  con¬ 
stant  pressure.  Consequently,  under  favorable  conditions  this  water  , 
frequently  bursts  throu^i  the  permafrost  layer  and  emergSs^at  the  ,t 

ground  surface  in  the  form  of  continually  active  springs.  Those  springs 
generally  do .not  freeze  in  winter  and  so  cause  formation  of  spring  icings. 
Figure  1*  shows  one  of  the  fountains  which  appeared  near  the  weather  sta¬ 
tion  at  Urushs  in  the  spring  of  1912}  it  adeouatoly  illustrates  tho 
presence  of  water  under  pressure  and  of  moisture  in  tho  ground, 

Ihe  ground  water  within  tho  permafrost  layur  occerc  also  in 
solid  form,  that  is,  in  the  form  of  ice,  this  fact  distinguishes  thie^ 
ground  wator  rrom  that  occurring  in  regions  where  permafrost  does  not 
exist.  According  to  Sumgin,  the  following  are  the  types  of  ico  usually 
•-••lOurri’-p  in  the  layer  beneath  the  active  layer »  .  .  . . 


(1)  Imbedded  ice.  the l  is,  ice  th.it  formed  on  the  ground  surface 

and  subsequent’/  be care  imbedded  in  the  ground,  which  comprises: 

(a)  Glacial  ice  buried  beneath  seuiapats.  This  type  of  ico 
covers  extensive  areas  and  o'C curs  on  the- Novosibirsk 
Archipelago,  along  the  coast  of  the  Arctic  Octffn  east  of 
the  Lana  EBtuary,  and  in  the  Lena-Aldan  Watershed. 

(b)  Ico  formed  from  accumulations  of  snow  (snow  banks)  covered 
by  later  sediments.  The  areas  of  this  ice  ere  small'and 
occur  in  the  north. 

(c)  Ice  of  icings  covered  by  ground.  This  type  of  ice  occurs 
throughout  the  permafrost  region;  Stratification  is  its  „ 
characteristic  aspect.  It  covers  relatively  small  areas, 
but  its  thickness  is  considerable. 

(d)  Irka  ice  covered  with  ground. 

(e)  River  ice  cast  aBhore  and  buried  boneath  sediment. 

(f)  Sea  ico  cost  ashore  and  covered  with  ground. 

(2)  Ground' lee,  that  is,  messes,  of  Ice  formod  by  water  freezing 

in  thb  ground  proper,  which  comprises: 

(a)  Ico  formed  within  icing  mounds.  Its  areas  are  small. 

(b)  Ico  formed  by  freezing  of  supraperiaafroat  water.  Such 
ice  occurs  in  relatively  thin  layers  but  covers  extensive 
areas. 

(c)  Ice  formed  by  freezing  of  intrapermafrost  water. 

(d)  Ice  crystals  and  thin  veins  formed  by  freezing  of  water 
in  taliks  that  became  permafrozen. 

When  imbedded  ice  or  ground  masses  sat  ’ated  with  ice  are 
located  at  shallow  depth  and  happen  to  thaw,  the  ground  surface  sags,  the 
depression  fills  with  surl'icial  water,  and  a  thermokarst  lake  is  forced. 
These  lakes  are  -small  arid  their  size  often  varies  due  to  continuing  Belting 
of  the  ice  lenses  and  veins  in  the  ground.  Trees  and  bushes  that  Sagged 
with  the  ground  often  are  found  in  the  water  of  thermokarst  lakes.  The 
pref9:?ce  of  those  lakes  indicates  that  the  given  locality  is  unsuitable 
for  construction  because  of  its  permafrost  geology  and  that  it  is  nec¬ 
essary  to  conduct,  careful  survey s  to  determinc  the  extent  and  location 
cl"  the  imbedded,  ice.  ■  .  ' 


The  task  of  conserving  the  imbedded  ice  in  regions  that  are 
being  developed  by  nan  is  extremely  difficult  and  uncertain,  since  the 
existence  of  such  ice  is  largely  determined  by  the  established  regime 
of  the  ground  water  and  partly  by  the  nature  of  the  locality  and  its 
■  surface  cover.  It  often  melts  in  regions  entirely  undisturbed  by  man; 
the  phenomenon  is  due  to  local  factors  not  related  to  human  activity. 
This  is  proved  by  the  occurrence  of  the  thermokarst  lakes  mentioned 
previously.  Consequently,  it  is  even  more  difficult  to  conserve  the 
Imbedded  ice  in  regions  where  human  activity  causes  changes  in  the 
regime  of  the  ground  water  or  otherwise  disturbs  the  natural  condi-  J 
tions  of  the  region.  The  probability  of  conserving  imbedded  ice,  be- 
neath  buildings  is  generally  slight.  In  soma  cases,  imbedded  ice  can 
bo  conserved  beneath  earth  structures,  particularly  when  the  ice  occurs 

o  • 

at  a  depth  of  5  to  6  in  below  the  gro'ind  surface... 

It  is  of  great  practical  importance  to  detoraine  the  type 
of  ice  maaa  occurring  in  the  ground,  since  suitable  measures  for 
avoiding  or  minimizing  the  harmful  effect  of  the  ice  on  the  stability 
of  structures  depend  on  the  origin  of  the  Ice  as  wall  as  on  its  hori¬ 
zontal  and  vertical  dimensions.  v 

Icings  (the  Yakut  term  is  "taryns")  constitute  ono  of  the 

v 

most  widespread  and  .typical  hydrological  phenomena  of  the  pornjafrost 
region.  In  accordance  with  location  and  origin,  icings  may  be  classi¬ 
fied  into  the  fallowing  three  categoriefBj  river,  ground,  end  spring 
icings. 

River  icings  ore  formed  by  river  water 'as  follows.  As  the 
winter  freezing  of  a  river  seta  in,  the  effective  chfujwl  of  the  river 
gradually  becomes  constricted  because  of  the- ice  cover  and  the  freezing 
of  the  banks  and  evontually  becomes  too  small  for  the  entiro  volume  of 
flowing  watyr  to  pass  through  it.  Since  the  water  cannot  pass  through 
the  alluvium,  it  overflows  the  banks  or  the  river  valley  or  forces  its 
way  to  the  surface  through  the  river  ice.  AS  the  water  spreads  out 
over  the  ice  and  the  banks,  it  freezes  in  successive  sheets  and  forms 
relatively  extensive  and  thick  stratified  layers  of  ice  over  the  river 
ice  or  in  the  valley.  The  extent  and  thickMSf  Of  , this  ice  IS  quite 


variable;  It  ray  cover  an  area  of  several  hundred  square  kilometers  and 
commonly  attains  a  thickness  of  several  meters.  This  icing  originates 
either  in  the  river  channel  or  in  the  lloodplain.  If  the  icing  is  r.ot 
too  large  and  originates  in  the  regular  channel  of  the  river,  it  is 
usually-piShf  ined  within  this  channel  and  only  seldom  fills  it  end  spreads 
into  thu  valley.  Uost  extensive  icings  occur  in  marshy  strawac..  ..They 
recur  every  year  in  approximately  the  same  places j  "although  tr.oir  loca¬ 
tions  change,  the  change  is  very  gradual.  The  banka  of  small  streams 
lack  votfatation  olid  are  covered  T/ito  stones  at  the  points  whole  icinps 
occur  j  the  ctroam  flows"  through  numerous  channels  in  the  stones.  Kim.ru 
is  a ’representative  picture  of  a  river  icing}  it  shows  the  summit  of  un 
icing  mound  on  a  small  stream.  An  icing  on  a  river  in  Yakutia  ia  shown 
in  Fip.  5>iii  •  -  •  ... 

/As.- 

Icing  fields  molt  slowly  j  soma  vanish  at  tho  end  -  ol-&prinf7': ' 
others  vanish  during  the  summor,  and  a  lew  remain  until  the  following 
year.  Some  icings  in  river  channels  or  valleys  contain  round  or  oval 
ice  mounds  with  ■cracked'"  summits;  occasionally  wator  flows  from  those 
cracks,  increasing  tho  size -'of  the  mound  upon  frooaing.  One  causd  of 
mound  formation  in  a  channel  is  that  the  unfrozen  water  accumulates 
undor  tho  ico,  uplifts  its,  and  forme  a  Dwelling)  another  cause  ikfehrp'  ■ 
that  thfc  wator  l* lowing  onto  tho  surface  of  tho  ico  freezes  near' 
place  of  emergence.  The  mound  gradually  grows  until  a  crack  appears 
in  it;  then  the  water  bursts  violently  to  the" surf  ace, .^shattering  and 
scattering  the  ice.  The  crack  forms  suddenly,  and  the  shattering  of 
Uni  wound  ice  "resembles  an  explosion.  Icings  readily  defonr  -Struc¬ 
tures  located,  in  their- vicinity  and,  consequently,  constitute  a  hazard 
to  all  tyqitis  of  structures.  I  “  .» 

The  slab  from  a  river  icing  in  Yakutia,  rhown  in  Fir. 
illuuir  .tos  tho  phenomena  accompanying  the  explosion  of  a  rivor-icin^ 
cunmd.  According  to  V.  G.  Petrov  .{“l'}  ,  th id  icing  yen taiiled  six  lai*£CT; 
mounds.  After  the  explosion,  tho  water  poured  out  in  a. stream  7 5  a 
wide  am  advanced  a  distance' .’of  about  5  km.  fi sits  water  carried  .the 
slab  -shown  in  rip.  6,  as  well  as  several  other  slats  of  ico,  J&  distance 
of  12C  s.  The  lVi>ibst  slab:  seasvhSdr  i?  ty  > 


Ground  icings  are  another  variety  of  icing;  their  origin 
is  usually  in  the  suprapcrmafrost  water.  The  formation  of  supraperaa- 
froBt  or  ground  icings. occurs  as  follows.  As  -.vinter  sets  in,  the  level 
of  the  auprapermafrost  water  logins  to  lower  gradually,  since  the  sur¬ 
face  water  vanishes  because  of  the  cold  and  ceases  feedinr  the  supra- 
,  permafrost  water.  This  lowering  continues  until  a  constant  level  is 
established.  As  the  upper  ground  layers  freeze,  an  impervious  crust' 
is  formed -and  Interferes  with  froe  circulation  of  the  suprupermafrost 
water  within  the  active  layer.  As  individual  sections  of  ground  freeze 
eVer  deeper  in  the  courae  ol‘  continuously  increasing  cold,  internal 
pressure  develops  and  the  water  under  pressure  seeks  an  outlet  to  the 
ground  surface.  If  the  pressure  is  largo,  the  water  bursts  through 
the  overlying  frozen  layer,  often  in  several  places,  spills  over  the 
surface  and  forma  an  icing  which  occasionally  covers  a  considerable 

, -'.5  •*  ■■  ‘ 

area.  Figure  7  shews  such  an  icing  near  a  railroad;  the  picture  was 
taken  on  May  28.  The  icinr  melts  :>ery  slowly,  vanishing  only  “in  the 
middle  or  at  the  end  of  summon.  As  a  result*  trees  perish  and  othor 
vegetation  withers  at  the  sites  of  icinrs..  The  area  covered  by  mound 
icings  measures  tens,  hundreds,  infrequently  thoueandj  of  square  metorsi 
hence,  it  covers  considerably  less  than  that  of  river  icings.  ■■ 

As  tho  cold  increases,  the  ,small  outlets  for  tho  ouprapenM- 
frost  water  become  frozen,  while  the  remaining  outlets  occur  in  the  form 
of  occasional  mounds  usually  located  hear  bushes  or  tgeo  trunks.  Such 
mounds  are  like  small  volcanoes  erupting  water.  They  increase  in  size 
in  tho  course  of  time,  but  do  not  become  vory  large  (Fig.  8)  because 
the  active  layer  soon  freezes  completely  and  the  entire  supraportnafroot 
water  is  converted  into  foe.  -  • 

When  tho  active  layer  is  underlain  by  water-bearinr  talik 
restin'’  cn  rock  or  on  permafrost  {Fir.  1),  or  when  the  nupranormai’rost 
water  is  under  high  pressure,  the  accumulated  water  causes  spoiling  of 
the  ground  and  gradual  formation  of  a  mound  if  the  overlying  -frozen 
layer  is  sufficiently  firm  ar.d  elastic.  Curing  this  j  roooss,  the  upper 
frozen  layer  separates  fr.er  the  water-tearing  talik  ar.d  rises  ascertain  .' 

distance  together  «i V;i  everything  lecataa  bn  vis  serzaess  {mid."  2i*—  - 

side  the  mound  tho:e  is  ice,  cr  ice  mixed  with  wator.  The  mound  increases 


in  size  ir.  the  course  of  tiir.9 5  cracks  from  which  water  flows  foraf.or* 
its  crown  and  along  its  sides.  This  water-flows  over  the  snow  and 
ground  and  freezes  in  riccessive  ice  sleets  that  cover  c  certain  area. 

If  trees  prow  at  the  situ  where  the  pound  is  -formed,  they  rise  with  the 
mound  and  assume  "an  inclined  position.  The  ice  malts. during  spring  and 
summer,  and  the  mound. settles.  The  mounds  attain  a  height  of  h  to  £  m. 
Figure  10  is' a  schematic  diagram  showing  the  formation  of  a  mound  of 
mound  icing. 

In  accordance  with  the  preceding,  tho  water  which  forms  rround 
icir.ge  (that  is,  the  mound  ico  within  the  rround  and  on  its  surface)  does 
not  oririnste  at  the  cite  of  the  mound"  tut  flows  to  it  from  "oil  sides,  as 
in  tho  caso  of  river  icings.  As  the  frosts  continue  end  the  active  layer 
freezes  deeper,  the  hydrostatic  pressure  in  the  ground,  which  produced 
the  icing  mound,  increases  to  such  on  extent  that  the  rround  water  is 
forced  to  the  surface  through  gradual  seepage  from  cracks  in  tho  frozen 
crust  of  the  mound  or  through  sudden  explosion  of  this  crust  and  subse¬ 
quent  discharge  of  large  quantities  of  water.  Such  explosions  are  ac¬ 
companied  by  cpnaiderablo  noise,  and  their  forco  is  so  groat  that  the 
frozen  ground  and  ice  are  shattered  into  huge  chunks  of  W1.  icli  soma  are 
scattered  in  ail  directions  and.  come  oro  carried  Tor  a  considerable 
distance  by  the  water  streams.  The  explosion  of  a  mound  is  capable  or 
destroying  nearby  structures.' 

Figure  11  chows  tit®  summit  of  a  mound  of  ground  Icing.  Tho 
crack  in  this 'mound  is  more  than  1  m  deep.  Tho  picture  was  taken  early 
in  the  spring  whan  the  mound  had  alroady  settled  somewhat,  but  an  ice 
-leek  still  rcBmihud  Tn'the  ground.  Tbn  ice  cover  on  the  tncur.d  nnd  the 
lC9"qr.  the  walls  of-  tl*q  crack  had  not  suited.  The  inclined  trunks  of 
the  trees  are  readily  visible,  .  -  -----  ' 

Slien  o  rrour.d  is  cut  nj-an,  it  ia  found  that  either,  an  arched 
or  a  shallowly  convex  ice  lens  n as  been  rormed  Under  the  surface  layer  ~ 
of  frozen  ground;  either  one  attains--  a  thickness  of  about  1  m.  At  the 
Lot-tom  of  the  tsouiid  (unoer  the  ice)  there  usually  occurs  a- viscous, 
seail-llfluid  Bgs’g  ehbfit  1--R  thick  end  underlain  by  the  permafrost.  Ground 
irir-g,  .’ike  river  icings,  tend" to  recur  ever/  winter  fh"the^ars^pla^'n. 


although  there  are  numerous  exceptions  to  this  rule.  Of  particular  r 
interest  are  the  mounds  known  in  the  Yakutia  as  ■booleoonyakh«i*  These 
mounds  attain  a  height  exceeding  10  m  and  contain  masses  of  ice.  Upon 
formation;  the  boolgoonyakh.  slowly  grows  for  several  years;  then  a 
crack  occurs  in  its  summit,  and  it  gradually  vanishes  in  the  course  of 
several  years.  Its  considerable  size  and  duration  distinguish  the 
boolgoonyakfi  from  an  ordinary  ground  icing.  Boolgoonyakhc  occur  widely 
•they  are  found  in  northern-Yakutia  at  the  latitude  of  Yakutsk  proper, 
in  the  former  Amur  Province,  in  the  Iransbaikal  region,  in  the  valley 
of  the  Upper  Angara  River,  ard  on  the  Yalmal  Peninsula.  Their  origin 
has  not  yet  been  definitely  established. 

Ir.  many  cases,  icings  are  caused  by  aubpermafroat  water; 
such  icings  are  designated  as  spring  icings.  Exterrially,  spring 
icings  are  quite  similar  to  ground  icings.  Spring  icings  form  when 
the  subpqrmafrost  water  emerges  and  freezes  at  the  surface.'  The  tem¬ 
perature  of  those  springs  is  sufficient  to  thaw  a  passage  for  tho  wator 
through  the  permafrost  and  to  prevent  wintor  freezing  in  the  active 
layer.  As  the' wator  emerges  at  the  surface,  it  flows  down  the  valley 
slope  in  a  relatively  shallow  stream  and  freezes  in  successive  sheets 
of  ice.  It  should  be  noted  that  tho  outlets  of  these  springs  occur  in 
the  winter  at  different  places  than  in  the  summer;  stone  outcrops  or 
moss  cover  make  it  difficult  to  determine  the  exact  location  of  the 
summer  outlet.  In  tho  winter,  however,  the.  outlet  usually  is  gradually 
displaced  up  the  slope,  which  is  readily  evident  from  the  icing  forma¬ 
tions  and  its  location  becomes  constant  only  wherr  intense  frost  sets  in. 
Determination  of  the  exact  location  of  the  spring  outlets  is  of  major 
practical  importance  in  proper  planning  of  structures,  --fee  temperature 
cfeseeh  springs  ls..fairly  constant  at  0.5°  to  3°  C. 

Spring  icinrs  appear  in  December,  but  som times  they  do  not 
appear  until  the  end  of  January  when  intenseTfrosts  finally  freeze  the 
corresponding  flow  in  the  active  layer..  Growth  of  the  icing  bepins 
irfoedlately  after  formation,  continues  throughout  tho  season,  and  ends 
at  the  end  of  April  or  the  beginning  of  U&y.  During  the  entire  period 
of  growth,  these  icings  readily  manifest  that  flow  occurs  beneath  the 


surface  crust  cf  ice;  the  water  bulges  this  crust  in  the  fora  of 'mounds 
or  bursts  thrcueh  iris' crust  and  flows  on  its  surface.  The  extent  of 
spring  icings  is  most 'intense  at  the  end  of  winter  (in  Ifarch  and  April) 
when  the  frosts  become  milder.  This  aspect  constitutes  the  major  dif¬ 
ference  between  spring  icings  and  ground -icings,  aa  growth  of  the  latter 
ceases  entirely  in  tho  middle'  of  winter. 

Spring  icings  begin  to  form  at  a  different J4irb  from  -round 
icings;  the  latter  occur  at- the  beginning  of  winter,  while  the  former 
do  not  occur  earlior  than  December,  January,  or  oven  February.  Qround 
icings  cover  considerable  areas.  According  to  geologist  A.V.  Lvov, 
for  example,  a  spring  located  on  the  right  bank  of  the  Black  Uryum 
River,  roughly  opposite  the  mouth  of  the  Yarnichnaya  tributary,  produced 
an  icing  covering '70,000  Bq  -mi  Figure  32  shows  a:  spring  icing  progressing 
towards  the  river.  Spring  icings,  like  ground  icings,  cause  considerable 
diff  iculty  in  road -maintenance *•  and  may  damage  or  even  destroy  struc¬ 
tures.:.  •;  -  •. 

Ground  icings  aleo  include  so-called  icefalla,  that  1b,  icings 
reaultinr  from  freozirig  of  ground  water  emerging  to  the  surface  on  sheer 
cliffs,  on  stoop  river  banks,  or  on  the  sides  of  railroad  cuts  where  they 
are  extensive  and  require  major  efforts  to  remove  them  or  to  prevent  their 
recurrence.  Figure  13  shows  an  icefall  in  a  railroad' cut. 

The  morphological  phenomena  of  the,  permafrost  region  include 

peat  mounds  and  tundra  polygons.  Sub gin  classifies  both  these  topo- 

•  y/  •- . 

graphical  phenomena  as  icing  mounds.  He  found  that  the  vertical  section 
through  a  peat  mound  in  summer  is  as  follows i  an  upper  layer  of  thawed 
peat  not  more  than  70  to  80  ca  thick  (depending  on  the  time  of  the  year  - 
and  tho  latitude),  a  layer  of  frozen  peat,  frozen  ground,  and  finally 
(occasionally)  an  ice  core.  Tundra  polygons  are  soafl,  round,  or  oval 
areas  free  of  vegetation  and  differing  radically  from  the  surrounding  tundra 
that  is  covered  with  plant  life.  The  textural  constituents  of  the  polygon 
ground  are  usually  Segregated  so  that  the  coarse  material  accumulates  near 
the  edges  of  the  polygon,  occasionally  forming  a  stone  boundary.  Feat 
tundra  pciyrcns  arc  5uch; typical  phenomena  that  marshes  con¬ 
taining  mounds  are  termed  *ibo  .r,d  marshes  ^ and  tundra  containing  polygons 


is  termed  •’spotted  tundra." 

Mound3  similar  to  peat  mounds  occtir  in  marshy  places  in  the 
Far. East,  but  their  height' does  not  exceed  50  to  7 5  cm.  There,  the. 
areas  covered  with  such  mounds  ere  called  "graveyards . "  According  to 
Sbmgin,  such  landscape- phenomena  are  due  to  (1)  pressure  in  the  taliks, 
resulting  from  adfreezinft' between  active  layer  and  permafrost  under 
certain  conditions,  (2)  hydrostatic  pressure  oi'  tho  water,  and  (3)  direct 
expansion  of  tho  freezing  water  Which  is  forced  into  the  mound  during  it3 
formation.  In  seme  cases,  slud  is  involved  in  place  of  watnr.  Fipire  11* 
shows  a  ruptured  front  mound;  the  "drunken  forost/1  resulting  from  ground 
swelling, is  clearly  scon. 

In  tho  permafrost  replans  of  the  Far  East  there  are  extensive 

&  •  ... 

marshy  areas  which  are  locally  known  as  tnari."  The  naturo  and  pro¬ 
perties  of  mari  ahe  quite  different  from  those  of  -common  bogs.  Mari 
are  relatively  shallow,  rarely  exceeding  2  to  2.5  m  in  depth,  have  a 
thick  moss  cover*  oontain  primarily  moss  peat  and  sedre  peat,,  while  --  _ 
almost  entirely  lacking  wood  peat,  and  occur  not  only  in  1'loodplainB, 
lowlands  and  level  areas,  but  even  high  on  the  slopes  of  mountains. 

The  naturo  of  mari  is  .essentially  as  follows.  Imponto ability 
of  tho  permafrost  and  occurrence  of  natural  rock  formations  at  shallow 
depth  in  regions  of  abundant  procipitation  during  a  brief  time  interval, 
as  well  as  late  thawinr.  of  the  pround  when  spring  sets  in  rapidly, 
create  conditions  favorable  to  the  development  of  swamp  plants.  These 
plants,  moss  ar.d  sedre,  grow  rapidly  and  become  firmly  rooted  in  the 
upper  thawed,  and  wot  ground  layers  to  which  moisturo  is  supplied  by 
melting  snow,  rains,  and  condensation  of  water  vapor.  In  the  course 
of  time,  this  vegetation  itself  becomes  n  factor  retarding  water  run¬ 
off  and  thus  intensifying  the  swampiness.  These  factors  are  so  af¬ 
fective  that  oven  very  steep,  slopes  often  .ton'd  to  become  boggy  and 
assume  the  aspect  of  swamps,  Ample  moisture  and  low  temperatures  kill 
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the  vegetation  and  simultaneously  retard  the  ’  decomposition  oi' .  the  organic 
natter,  forming  a  thick  layer  of  peat  consisting  cf  moss  and  other  swamp 
plants!  This  layer  in  highly  hygroscopic  so  that  it  Is  always  quite  wet. 

Tho  thick  moss  an d[ peat  covers  on  r.ari  have  a  marked  nagative 
effect  on  heat  balanco  of  the "Underlying  ground  layers.  r-ur',\;g_Jdio  summer, 
tha  saturated  moss  and  underlying  peat  layer  consume  large  quantities  of 
heat  in  the  process  of  evaporation  while  retarding  heat  penetration  into 
the  ground  because  of  thoir  low  heat  conductivity  in  thawed  state.  During 
the  winter,  the  saturated  nose  and  peat  become  a  solidly  frozen  mas;  so 
that  their  heat  conductivity  is  nearly  four  titroe  as  large  as  during  the 
■surmer.  As  a  result,  the  upper -limit  of  permafrost  beneath  marl  often 
occurs  at  a  depth  of  0.20  to  0.50  m.  Figure  15  (left)  showo  a  layer 
of  jeo  beneath  a  relatively  thin  covor  of  moss  and  peat. 

Thoro  aro  two  types  of  mart  mosey  (smooth)  arKi  hummocky, 
tost  marl  aid  of  tho  second  type.  The  hummocks  aro  densely  distributed, 
attain  a  height  of  0.75  to  1.00  m,  and  greatly  impede  runoff j  since  the 
absorptive  capacity  of. doss  and  peat  is  large,  this  impedance  further 

u  „  '  t. 

facilitates  saturatinn  of  the  oar.  The  mar„chown  in  Fig.  15  is  of  the 
hut-rocky  type,  but  the  relatively  small  hummocks  are  nearly  invisible 
because  of  ttw  extensive  eedge.  figure  16  shows  a  distinct  hummocky  mar. 
fiie  huasBoeka  consist  of  tags  and  peat  and  often  contain  a  permafrost  core. 

Practice  proved  that  marl  can  be  drained.  Their  melioration 
occurs  ir.  this  manner.  As  the  water  table  in  lowered,  tho  upper  layer 
dries  out  and  the  dry  moss  is  artificially  burned,  leaving  a  large 
quantity  of  ash..  The  mar  surface,  black  and  dry  after  tho  burning  op¬ 
eration,  is  readily  warned. by  the  sun  so  that  further  and  intense  drying 
occurs.  Consequently,  the  type  of  vegetation  changes,  summer  thawing 
penetrates  deeper*-  the  permafrost  recedes,  and  the  boss  is  replaced  by 
aeaddw  grass,  brushwood,  and  even  trees.  Tho  mar  is  ire nsiorr-ed  into 
a  meadow.  -  These  -considerations.-  imply  that  it  is  some  tires  expedient  to 
carry  out  at  Tuost  alemertnry  drainage  operations  for  removing  surface 
water  and  some  ground  water  free, marl. 

,  It  should  ba  noted  that  there  are  two  additional  phenomena 
directly  Tncry  are;  soli  flection  cik  asyri'C  try 


of  the  latitudinal  valleys  (in  the  Far  Hast).  The  presence  of  perraa- 
frost  affects  the  characteristic -topographical  forms  or.  u  much  larger 
scale.  The  effects  inciu2d^oIir3trct'i^7~^!li't'':‘  is-defined  as  slow 
fTavitationai  flowing  of  masses  of  superficial  material  over  the  -upper 
limit  of  permafrost j .JosSS'  flow  occurs  even  in  the  care  u'  vory  shallow 
slopes.  Entire  ter rBCee,  resulting. from  such  motion,  were  discovered 
in  the  Fer.East  by  S.  P.  Kachurin.  -  •" 

Explorers  should  Le  caroful  not  to  confuse  there  unstable 
solifluction  terraces  (Kachurin  useB  the  term  psaudo-terrncae)  with 
real  erosion  terraces.  It  has  boon  definitely  established  that  the 
opposite  sides  of  latitv iinal  valleys  in  the  permafrost  region,  primarily 
in  the  southern  areas , -b-ave^Jinequal  sl'°FX>B«  The  slopes  facing, north  are 
shallow,  while  those  lac in?  south  arc  steep.  This  is  explained  by  the 
fact  that  the  former  slopes  are  stabilized  by  the  permafrost  which  occurs 
at  shallow  depth  and  retards  the  scouring  effect  of  erosion;  in  addition, 
spring  thawing  of  the  surface  layers  on  these  slopes  proceeds  slowly 
bocause  they  receive  -4  relatively  small  amount  of  heat,  so  that  the  re¬ 
sulting  streams  of  water  are  relatively  weak.  The  opposite  slopes, 
however,  particularly  in  southern  permafrost  arose,  are  exposed  to  rays 
of  the  hirh  summer  sun  which  impirtro  on  the  steep  elopoe, almost  at  right 
angles  and  boat  them  intensely.  Therefore,  the  permafrost  on  these 
slopes  occurs  at  a  greater  dspth,  and  thu  active  layer  thaws  earlier 
and  more  rapidly  than  on  the  slopes  facing  north.  The  rosult  is  that 
during  the  second  half  of  the  summer,  during  the  rainy  period,  power¬ 
ful  erosive  streams  flow  down  these  slopes,  washing  away  the  alluvium 
and  diluvium  and  often  exposing  the  bedrock  that  would  fora  a  ateepar 
slope.  -  ' 

In  the  case  of  longitudinal  valleys,  the  opposite  sides 
usually  have  similar  slopes  and,  other  conditions  being  equal)  their 
permafrost  occurs  at* the  same  depth/  This  difference  in  steepness  . 
aixi  nature  of  the  slopes  is  of  considerable  importance  in  rail r on d 
construction,  o.s  it  effects  location  surveys  for  tracks  ~ihd  various 
structural"  sitae.  - 
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H-vuldsry  alluvial  and  diluvial,  talus  frequently  occur  in  porfr.a-  ... 
frost  regions .  Abrupt  fluctuations  '6f  atmospheric  tomporatwe  and  the  large 
amplitude  of  these  fluctuations  in  the  permafrost region  of  the  Far  East, 
particularly  in  the  southern  latitudes,  cause. intensive  nachnr.lcnl  weathering 
of  rocks.  The  widespread  occurence  of  such  phenomena  in  this  area  1b  due 
also  to  the  fact  that  the  active  layer  tends  to  force  the  1 1  pi  y.,  out  to' 
the  surface  upon  freezing.  Constituting  a  typo  of  alluvium,  :iharQ  talus 
usually  Comprise  fairly  large  rocko  and  occur  on -watershods , "mountain  v 
passes,  terhitces,  ahaiicw  slopes,  mid  occasionally  in  valloys.  Therefore, 
they  are  fairly  stable,  that  1g,  they  do  not  tond  to  mova,  except  in  cases 
when  they  ‘■•crur  on  slopes  and  the  spaces  among  the  boulders  ore  i’illou 
with  f ine-tuxlured  n-ound.  Under  such  conditions,  they  may  undergo  down¬ 
hill  motion  of  solifluction  type.  In  addition,  considerable' flow  of  supra- 
perrr.afrost  water  ovpr  the  underlying  bedrock,  as  well  as  outlots  for  sub- 
pornafrost  water,  any  occur  in  both  types  of  talus.  Aa  statod  previously, 
this-  causes  large  icings  at  these  places.  -Figure  17  shows  a  boUldory 
alluvial  talus  on  a  fairly  love!  area  noar  a  road. 


Figuro  l'l  shows  a  bouldery  alluvial  talus  chvorod  v<ith  scrub 
and  loca'tcd  on  a  slope  near  the  Niman  River.  Partial  excavation  showed 
that  the  depth  of  the  talus  rouped  from  2.5  to  h.O  m.  The  underlying 
bedrock  cropped  out  to  the  surface  in  some  places  in  the  form  of  buttes. 
This  talus  consists  ol’  angular  boulders  averaging  0.25  to  0.60  cu  m. 
Individual  boulders  had  volumos  of  1  to  2  cu  m.  The  top  bouldore  were 
loose  and  could  he,  readily  moved.  Below  the  top  layer,  beginning  at  a 
depth  of  ab-cvt  1  e>,  the  spaces  among  the  boulders  were  filled  with  gravel 
orui  rubble.  ' 


In  many  cases,  the  alluvial  talus  arc  covered  with  a  earpet- 
liko  layer  of  ir.oss  20  to  JO  cm  thick.  Figure  19  shows  a  moss-covered 
talus  on  a  slope  roar  the  Nianr.  River.  Walking  on  the  talys  caused  sono 
bculdors, to  sway  or  become  displaced  in  spite  of  the  moss  cover.  - 


Talus  of  diluvial  Origin  occur  on  slopes,  in  avalanches,  and 
at  the"  feet  of  slopes,  often  in  the  font  of  huge  cones.  Tho  material 
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larges*  boulders  'occurring  at  the  bottom,  while  the  remaining  material 


becomes  increasingly  fine  towards  the  top  of  the  cone.  There  are  two 
types  of  diluvial  talus.  Dead  talus,  which  no  longer  'receives  any  re¬ 
plenishing  material  and  has  ceased  moving,  and  live  talus  which  con¬ 
tinues  to  increase  in  size  and  to  move  downhill.  It  should  bb  noted 
that  road  building  or  other  construction  operations,  or  dead  talus  may 
disturb  the  established  equilibrium  and  transform  tide  talus  into  a 
live  one,  that  -is,  the  talus  may  begin  to  move  again.  Alluvial  talus 
overlie  the  bedrock  from  which  they  oririnate,  while  diluvial"  to .1  uc 
may  cover  alluvial!  rocks.  .. 


The  preceding  demonstrates  the  practical  importance  of  thorough 
investigation  of  alluvial  and  diluvial  taluB  for  proper  utilization  of 
construction  Sites  and  for  timely  application  of  preventive  measures  to 
assure  structural  stability. 

Rivers  in  permafrost  regions  have  several  characteristics 
requiring  particular  attention.  The  presence  of  permafrost  and  ths 
freezing  of  the  entire  suprapermafroBt  layer,  which  occurs  in  most  cases, 
cause  a  marked  decrease  in  the  winter  supply  of  ground  water  tc  tho 
rivoro.  Consequently,  the  rivers  are  at  very  low  stagos  in  the  winter. 
Wherever  the  winter .temper itc re  is  quite  low  and  the  snowfall  during 
the  first  half  of  winter  is  slight^ ;;.the  rivers  freeze  clear  through  and 
the  water  flows  in  the  winter  through  the  porous  alluvium.  Rowevqr,  this 
alluvium  freezes  partly  or  entirelyj  in  the  latter  case,  tho  river 
ceases  flowing  in  the  winter.  Such  complete  freezing  of  the  entire 
stream  in  local  areas  causes  formation  of  the  rivor- Icings  described 
previously.  Figure  2C  shows  a  river  frozen  solid  during  tho  winter. 


Rivers  show  a  prominent  decrease  in  stage  during  the  winter. 
In  seme  cases,  after  an  ice  layer  has  been  formed,  un  air  apace  is 
formed  beneath  the  ice  when  the  stage  decreases  further.  Subsequent 
freezing  blithe  water  forms  iimthor  ice  layer.  ,>  Thus,  several  such 
ice  layers  may  W  formed.  .  'an  as  large  a  river  as  the  Zoya  River, 
a  tributary  of  the  Amur  River,  may  freeze  solid.  U.  fa.  Chernyshov 
reports  that  the  discharge  of  tho  Zeya  River  in  the  winter  is  1000 
times  smaller  than  in  tho  summer.  In  several  placos  on  the  Gilyui 
Rivwf ,  xw  frwWee  la  ti«  wisstw,  i-fess  wat—r 


becomes  polluted  and  bofrifts  to  stapnato. 

A'raost  important  characteristic  of  rivers  in- northern  and  llnstorn 
Siberia  is  formation  of  bottom  ice.  Such  ice  forms  very  rapidly  in  large 
quantities  and  is  capable  of  damaging  river  structures,  Bottom  ice  Con- 
etitutues  a  serious  obstacle  to/ireot  intn^ef  river  wo  ter  for  water 
supply  purposes.  'Bottom  ice  usually  forms  on  sandbank e  wher»  the  flow  is 
retarded,  along  the  shore,  one  in  deep  places  near  atones  on  the  bed. 

Having  accunulatad  to  some  extent,  the  bottom  ico  rises  to  the  surface 
and  ie  carried  by  tho  flow;  it  fores  a  fairly  heavy  ice  flow  in  the 
autumn.  This  causes  obstructions  and  ice  jams  so  that  the  stage  in 
many  rivers  rises  3  to  5  u  above  low  stage  "during  the  breakup  of  tho 
bottom  ice.  *  •>  -  ' 


•Rie  obotructions  and  ice  jams  may  damage  rivet*  structures, 
while  the  resulting  rise  in  stare  causes  flooding  of  tho  surrounding 
area.  It, is  obvious  that  the  river  regime  under  such  conditions  needs 
careful  investigation  since  lack  of  propor  data  may  reeult  in  atructuroc 


erected  or  unsuitflole  sites. 

In  regions  tfiero  the  enow  cover  is  negligible,  which  is  tho 
case  in  a  largo  part  of  the  permafrost  cone  (particularly  in  the  south 
latitudes  botween  90°  and  100°  east  longitude),  the  rise  in  river  stage  . 
during  the  spring  is  quite  small.  Ice  Hows  practically  do  not  occur. 
Summer  floods,  on  the  other  hand,  are  cliaiacterised  by  a  rapidrlso  in 
stage,  high  water  level,  high  velocities,  and  a  rapid  drop  to  low  stage. 
This  ia  primarily  due  to  the  torrential  nature  of  the  suasRer  rains  and 
the  r  ntainoua  topography  comprising  steep  water-collecting  depressions 
and  valley  slopes.  In  addition,  eupersatur&tian  of  the  active  layor, 
typical  of  permafrost  areas,  has  some  effect  on  the  nature  of  tjpeh,  flood 
states j  where  moss  cover  is  lacking ^  the  active  layer  absorbs  only  a 
relatively  email  proportion  of  the  torrential  precipitations. 


Because  of  extremely  high' flow  velocities  during  floods tape, 
many  river*s  carry  trees,  silt,  gravel,  and  pebbles,  and  roll  even  lar^j 
rocks.  Consequently,  the  debris  rapidly  forms  a  dam  at  tho  protective 
timber  lea -deflectors  near  a  bridge  or  culvert.-  This  say  cause  a  rise 


in  water  level  that  will  endanger  the  structures, "  .War  a  certain  railroad 


station,  for  example,  such  a  flood  covered  the  entire  right-of-way  with 
1  m  of  water,  deposited  about  IDO, >030  cu  n  of  eilt  and  , Travel on  the 
tracks  and  surrounding  areas,  .and  washed  away  the  roadbed  at  the  approaches 
to  bridge  across  the  river.  It  Bhould  be  noted  that  trees  in  the "ponr.a- 
frost  region  aro  readily  uprooted  by  wind  or  water  Btrear’s  because  they 
cannot  root  deeply  in  the  ground,.  There  are  instances  on  record  when 
—rivers  have  risen  several  meters  above  low  stage  during  spring  floods. 

3he  Niman  River  has  been  known  te  rise  3  n.  Figure  21  is  a  i^iew  of 
the  Niman  River  at  low  stage.  The  limit  of  normal  rise  in  stage  is 
clearly  visible  in  the  photograph*  it  occutb  at  vegetation  level  along 
iiie  shore.  An  occasional  rise  in  water  level  would  extend  into  tho 
vogetation  zone  as  well.  ... 

Lakas  are  a  common  occurrence  in  tho  permafrost  regions.  Thoy-,= 
occur  mainly  in  valleys  and  constitute  the  remains  of.  old  rivers.  In 
most  cases  these  lakes  are  isolated  basins  without  outlets  that  are 
fed  by  surface  runoff  and  occasionally  by  alluvial  water.  Nearly  all 
lakes  freeze  solid  in  the  winter,  with  the  exception  of  those  basins 
that  are  extremely  deep  or  are  fed  by  warm  subpermafroat  water.  - 

Thenaokarst  lakes,  referred  to  previously,  are  a  special 
category  of  lakes  occurring  in  large  numbers  in  the  region  of  the 
Zeya,  Bureya,  Nora,  and  Selemdzha  Rivers.  Thormokarst  lakes  are 
shallow  and  small.  They  are  fed  exclusively  by  surface  runoff  dhd 
euprapermafrost  water.  Their  water  capacity  is  limited,  and  thoy  can¬ 
not  be  readily  utilised  as  sources  of  water,  supply. 

With  regard  to  the  permafrost  layer  as  a  structural  base, 
the  following  need  be  stated.  As  aantioned  previously,  permafrost  is 
not  a  constant  and  unchanging  'phenomenon.  On  the  .  contrary,  the  perma¬ 
frost  layer  undergoes  continuous  changes,'  its  extent  and  thickness  arc 
affected by  numerous  factors..  Analysis  of  the  aspects  of  imbedded  ice, 
for  Instance,  tigs  shown  that  disturbing  the  natural  state  of  the  locality 
say  affect  conservation  of  this  ice;  in  the  description  of  mar f,  in  ad-  ’ 
dition,  it  was  noted  that  melioration  vof  mar i  results  in  considerable 
lowering  of  the  upper  permafrost  limit.  It  is  quits  evident  that  the 
construction  onrlneer  auat.nQt  ignoro  ths^f&ct  that,  both  tho  position 


and  state  of  the  permafrost  layer  are  subject  to  change.  .  .  ' -  t 

When  frozen  ground  thaws,  it  settles  and  its  bearinp  capacity 
tends  to  diminish.  Ihis  results  in  considerable  settling  of  the  struc-  , 
turas  erected  on  this  ground;  tsoreover,  settling  is  usually  not  uniform 
with  respect  .to  tha  perimeter  of  a  given  structure,  so  that  structural 
deformations  vary.-  Whet,  thawing  is  not  uniform,’  which  is  comnonly  the 
case,  the  thawed  ground  tends  to  slide  over  the  frozen  ground.  Ths 
sliding  surface s  produce  stresses  in  the  ground;  these  act  horizontally 
on  the  foundations  and  occasionally  cause  creeping  or  shearing  of  tha 

v.  i 

entire  structure  or  parts  of  it. 

It  is  generally  foasiblo  to  conserve  the  permafrost  near  and  = 
bonoath  a  ctructuro,  but  it  requires  special  heat-ineulation  noasuros. 
L'oreovor,  the  uppar  permafrost  limit  can  be  artificially  elevated  in 
some  cases  by  uso  of  propor  thermotechnical  methods.  It  is  accepted 
that  conservation  of  permafrost  is  generally  possible  when  its  tempera¬ 
ture  is  sufficiently  low,  not  above  -0,“5°  C.  It  1b  doubtful  whether 
conservation  of  permafrost  impossible  at  higher  temperatures.  If  the 
permafrost  in  a  given  area  undergoes  degradation,  no  attempts  should  be 
made  to  conserve  it.  -  « 

Thawing  of  the  permafrost  layer  beneath  a  structure  is  due  to 
numerous  factors;  the  major  ones  arc  discussed  here.  The  level  of  the  upper 
permafrost  limit  iff  affected  mainly  by  established  regime  of  the  ground 
and  suprapennafroBt  watery.  Drainage  of  the  surface  layer,  by  moans  of 
ditches,  for  example,  lowers  this  limit.  The  magnitude  of  this  lowering 
is  indeterminate  and  cannot  be  evaluated  in  advance.  Sven  when  no  direct 
drainage  measurer  are  used,  the  very 'erection  of  structures  may  disturb 
the  existing  quantity  and  direction  of  ^hound-water  flow  and  thereby 
produce  a  change  in  the  permafrost  layer. 

Vegetation  cover  has  a  marked  effect  on  the  realms  of  ground 
water.  Removal  of  trees,  scrub,  and  press  or  moss  cover  has,  a, direct 
effect  on  the  permafrost  layer  in  addition  to  its  effect-  en  the  regime 
cf  ground  water  as  it  disturbs  the  normal,  established  temperature  of 
the  ground  in  the  given  area.  Construction  operations  usually  cause 
dostrcctlen  cf  xhe  vefetellcR  i  cL 


permafrost  limit.  finally  the  structures  tliSffiCQiyes#  extended 

into  the  gr  ound,  may  constitute  heat  conductors  and  thus  disturb  the 
State  of  the  permafrost,  fony  structures  arc  heated,  while  others 
constitute  appreciable  sources  of  heat  because  of  the  technological 
processes  oceuring  in  then-.  Part  of  this  heat  is  frequently  transferred 

V*"  -  u  *■ ,  •  ■  _ 

to  42jb  ground’.  In  .  any  case,  heating  of  the  ground  near  unci  ' beneath  the 
.structure  causes  thawing  of.  the  permafrost."  ThLc  thawing  cm  Bo  esti¬ 
mated  to  some  extent  by* means  of  proper  thermodynamic  calculations j  it 
should  oe  notod,  however,  that  such  an  eaticato  would  bo  approximate 
and  would  give  only  a  general  idea  of  the  probable  extent  of  thawing 
of  tho  ground-. 

X?ary  typos  of  permafrost  cannot  support  any  load  when  thawed 
and  settle  considerably  upon  passing  from  frozen  to  thawed  statu  oven 
at  ..relatively  low  mnisturo  contont.  These  types  comprise  loamy  and 
particularly  silty  grounds.  Sand  and  gravelly  grounds,  which  drain 
well,  settle  less.  Gravelly  and  sandy  rrounds  with  a  moisture  con¬ 
tent  up  to  30  per  cent  by  weight  settle  little  and  the  effect  on 
structures  is  minimi. 

In  selecting  a  site  for  a  givon  structure,  it  is  essential 
to  analyze  the  ground  and  determine  its  moisture  content  since  struc¬ 
tural  stability  largely  depends  upon  the  natuxu  of  tho  ground.  In 
accordance  with  tho  preceding,  ground  that  drains  well  and  has  a 
low  moisture  content  is  preferable  as  a  construction  site*  Exomina-  „ 
tion  of  the  moistura  alamos  of  Fig.  3  reveals  that  cases  may  occur 
in  which  “the  ground  near  the. upper  permafrost  limit  is  supersaturated, . 
while  the  ground  at  a  depth  of  1  to  2  r.  bolow  this  limit  contains 
little  moisture.  It  is  obvious  "that  structural  foundations  should  be 
extended  below  tho  upper  permafrost  limit  in  ouch  cases,  so  as  to 
utilisie  tho  bearing  capacity  of  the  deeper  but  drior  permafrost  layY/r. 
Layered  permafrost  is  seldom  suitable  §s  a  structural  base;  it-  is  test 
to  dig  through  it  and  support  the  structure  on  a  thawed  layer  nr  oh 
the  solid  permafrost.  '  '  .'  :j 

The  aspect  of  vegetation  in  the  permafrost  regions  require 
special  corsiiiercii  ’n.  Tho  presence  ds"  pms  alios  t  Jjt  t:i*r~Fali' Ssbv,  r  ’ 


In  conjunction  with  the  climatic  conditions  , in  that  region,  causes  wide¬ 
spread,  swamps  and  the  occurrence  of  sparse  wcodc  of  predominantly  larch 
trees.  The  larch  is  be t ter  aijMstou  to  porharrost  than; other  trfeofi  be¬ 
cause  its  root  system  is  surficiol  end  does  not  ponetrate  deep  into  the. 
ground.  Nevertheless,  even  the  larch  rarely  attains  normal  siso,  while 
ji  ih  many  cases,  particularly  on  marl)  it  looks  unhealthy  and  stunted-, 

The  pine,  which  has  a  different  type  of  root  systom,  occurs  rarely,  cr.u 
in  isolated  clumps,  "It  occurs  mairily  on  bedrock  covorod  with  a  cruet 
cf  alluvium  ....  gravel,  on  layers  of  detritus  and  talus  that  drain  well, 
and  or  sunny  slopes,  whore  there  is  ho  permafrost  or  it  occurs  fairly 
deep.  Fir  is  more  common  than  pine  tifccauae  its  root  systems  is  similar 
to  that  cf  tho  larch.  The  occurrence  y>f  birch  is  another  indication 

that  the  permafrost  is  not  far  below  the  surface 5  under  these  conditions 
•  -  .  . 
the  birch  dies  young  and  its "wood  rots  'while  the  tree,  ia  Still  standing. 

Large  number b  of  treoa  felled  t,\y  tho  wind  (F ip.  22)  likewise 
indicate  that  the  upper  permafrost  limit  Recurs  at  shallow  depth,  since 
the  tree  roots  cannot  penetrate  deep  into  the  ground. . . 

Accordingly,  the  nature  of  tree  growth  makes  it  possible  to 
determine  whether  or  not  permafrost  is  present  and,  in  many  cases,  the 
approximate  depth  of  its  upper  limit.  This  pives  the  surveyor,  designer 
and  construction  engineer  an  oppbrtunity  for  preliminary  orientation  of 
o  given  structural  area  on  permafrost.  \  .  ■' 

Ir.  order  bettor  to  comprehend  the  problems  discussed  loro, 
the  following  matorlal  is  appended!  it  ccanprlsos  i^cloctod  standards 

\  ■■  a 

and  tsclmic&l  conditions  for  design. of  foundations  and  footings  on 
permafrost  and  contains  numerous  interesting  and  valuable  data: 
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"  II.  0EMSHA1  ASPECTS 

2.  Ponrafrocori  ground  or  permafrost  is  defined  as  ground  with 
nerativo  temperature  and  not  subject  to  Seasonal  thawing. 

3.  Tho  ground  layer  which  freoios  Lrv  wintor  and  thaws  in  summer 
is  called  active  layer. 

u-  Permafrost  is  termed  merging  if  its  upper  limit  cargos  with 
the  active  layer;  it  is  termed  nonoerfln?:  if  an  unfrozen  laysr  oopa-  , 
rat.ic  this  limit  from  tho  active  layer;  Tiry  Vrounu  {reeky  'hy  , -revel,  —  - 


dry  .sand,  etc.)  which  is  .net  adfrozou  and  Las  a  negative  temperature 
is  termed  dry  permafrost. 

5.  The  thickness  oi  the  active  layer  is  determined  by  the  max¬ 
imum  depth-' of  thawing  in  tho  case  of  merging  permafrost,  and  by  the 
maximum  depth  of  freezing  .in  the  case  of  nonr.erging  permafrost. 

6.  In  vertical  section,  permafrost  may  be  continuous  or  layored, 
that  is,  consisting  of  successive  layers  of  .frozen  and  thawed  ground. 

7.  In  the  horizontal  pTarre,  permafrost  may  have  tie  folhj.winp 

.  distribution:  (a)  continuous,  (b)  containing  islands  of  thcv.adji'irour.d 
(tsliks),  and  (c)  in  the  form  of  islands  or  separate  lenses. 

3.  The  temperature  of  permafrost  ranges  from  0°  C  to  -3°  C  in 
its  southern  regions/  arid  reaches  -7"_  C  or  even  lower -,in  the  narthgrn 
regions.  Hie  upper  layers  of  permafrost  have  a  temperature  near  0  C, 
but  it  may  drop  during  winter .freezing. 

9.  TJirae  typos  of  subsurface  wator  occur  in  continuous  permafrost: 
(a)  suprapermnfroat  water,  which  occurs  within  tho  active  layer  or-  in 
the  talik  separating  this  layer  from  the  permafrost,  (b)  intraporma- 
frost  wator,  which  circulates  witnin  tho  permafrost  ..proper,  and  (c)  suu- 
permafrost  wator,  which  occur  beneath  the  lower  pormafroEt  lUclt.  It 
should  be  noted  that  all  throe  types  of  wator  usually  aro  in  contact 
with  each  other  and  under  prossuro. 

10.  The  pomeabili  ty  of  f ine-toxturod  frozen  rroj^hd  is  practicolly 

zaroj  coarco-toxturod  ground,  on  tho  other  hand,  is  relatively  permeable 
at  low  mnieturo  content  (saturation  with  ice).  :"fJ 

11.  Tho  following  phor.omena  accompany  freezing  of  thb  active 
layer i 

« .  Tho  active  layer  may  adfroezo  to  the  footings  in  the 
process  of  freezing.  In  the  case  of  swelling  pround,  the  active 
layer  increases  in  volume  and  tends  to  heavo  the  foundations  to 
which  it  has  r.dfrczon.  This  may  cause  rupture  of  the  foundations, 
formation  of  empty  spaces  beneath  them,  or  sliding  of  the  frozen 
ground  along  the  ..foundations  surfaces. 

b.  When  the  foundation  base  is  in  the  active  layer,  the 
heaving  forces  beneath  this  base  may  raise  the  entire  foundation. 

c.  The  active  layer,  expanding  as  it  swells,  produces  not 
only  uplift  pressures,  but  also  horizontal  pressures  which  cause  struc¬ 
tural  deformation. 

U.  In  the  procoss  of  freezing,  ground  and  surface  water 
(rivors  and  lakes)  may  become  locked  and  -  compressed  botwaon  an  over¬ 
lying,  layer  of  frozen  (round  or  ice  and  tho  underlying  permafrost  or 
other  impervious  layer.  The  resulting  hydrostatic  and  hydrodynamic 
pressures  stay  either  uplift  the  upper  frozen  crust  simultaneously  with 
the  foundations  adfreier;  to  it,  or  may  causo  the  cumpresrcd  water  to 
burst  to  the .  surface  or  into  buildings,  so  that  cracks  form  ir.  tho 
frozen  crust  (icing  phenomena)  or  tho  pressures  incronsc a  an  the 
exterior  foundation  surfaces. 


12.  The  following phenomena  accompany  thawinc  of  the  active  layer i 

a.  Foundations  that  wore  heaved  during  the  printer  do  not  nec¬ 

essarily  ass.uma  their  former  position  because  01  friction  and  adfreozing 
between  foundation  and  ground,  cr  because  the  spaces  beneath  the  footings 
or  in  places  where  the  foundation  was  ruptured  are  filled  v/ith  ground  or—- 
ice.  “  -  - 

b.  Thawing  of  the  ground  proceeds  more  rapidly  near  wall 
footings  facing  south,  bo  that  the  ground  water  tends  to  accumulate  there 
and  turn  the  ground  into  fluid." 

c.  The  thawed  ground  forms  a  slippery  and  moiat  surface  which 
facilitates  the  occurrence  of  landslides  and  creep. 

13 •  The  following  phenomena  accompany  thawing  of  the  permafrost! 

a.  The  regime  of  surface  and  ground  water  changes,  water 
passages  are  formed  between  various  levels,  ground  water  appears  and 
vanishes,  ate. 

b.  Local  sags  occur  in' 'supersaturated  ground,  and  thermokarst 
lakes  form  in  places  where  thick  layers  of  ice  occur  In  the  ground. 

c.  Sloping  surfaces,  which  cause  sliding  of  foundations,  occur 
as  a  result  of  nominiform  thawing. 

d.  The  bearing  capacity  of  friable  ground  is  decreased,  parti¬ 
cularly  in  the  case  of  f ine-taxtured  ground. 

CHAPTER  II 

DEFORMATION  OF  ENGINEERING  STRUCTURES 
UNDER  PERMAFROST  CONDITIONS 

■•it.  •  ' 

A.  Teneral  Considerations 

Numerous  structures  of  various  dimensions,  design,  and  func¬ 
tions,  erected  in  the  permafrost  region,  undergo  continuous  deformation 
and  oven  destruction,  causing  waste  of  considerable  labor  and  material. 

In  some  places  the  deformations  are  so  extensive  and  common  that  it  be- 
cooes  doubtful  whether  it  is  at  all  feasible  to  erect  structures  that 
would  not,  deform.  In  reality,  such  is  not  the  case}  although  the  de¬ 
formations  are  extensive  and  conscon,  they  are  not  neoess&rlty  Inevitable. 

In  many  cases  the  deformations  s&i  less  attributable  to  particular  local 
conditions  than  to  the  fasts  that  the.  engineers  are  inadequately  inforaiod 
and  trained  for  work  in  this  area  and  that  the  unique  local  conditions  ' 
are  not  taken  into  consideration. Experience  proves  that  construction  on 


permafrost  is  feasible,  but  it  requires  kncwledpo  of  permafrost  and  its 
phenomena  and  the  ability  to  evaluate  local  factors. 

■r"  Structural  safety  cah  generally  be  assured  if  ..the  construc¬ 
tion  site  is  wall  chosen,  the  design  ar.d  layout  are  correspondingly 
suitable,  the1  measures  for  preventing  structural  deformations  are 
proper,  and'b'he  construction  operations  are  appropriately  based  on. 
local  permafrost  conditions  and  carried  out  with  adequate  skill,  nxatn— 
ination  of  specific  instances  of  structural  deformations  and  .related 
factors  help  to  detect  the  caisos  involved,  to  determine  the  design 
and  methods  that  would  assure  structural  stability  under  given  condi¬ 
tions,  and  to  clarify  the  aspect  of  selecting  a  construction  situ. 

Basically,  the  major  causes  of  deformation  are  heaving  and 
sottling  of-thp  entire  structure  or  any  part  of  it.  Both  heaving  and 
settling  occur  suddenly  and  nonuniforraly.  Settling  or  heaving  causes  the 
structure  to  tilt,  buckle,  warp,  and  develop  fairly  largo  cricks.  Once 
settling  starts,  it  does  not  stop  Boon  and  usually  causes  considerable 
damage.  Heaving  recurs  every  winter  so  that  the  structure  may  finally 
be  put  nut  of  commission.  Settling  roBul ts  from  thawing  of  the  upper 
portion  of  the  permafrost  layer  upon  which  the  structure  is  based. 
Swelling  rcsul ts  from  freezing  of  the  upper,  wet  ground  layer  which  has 
bean  designated  previously  as  the  active  layer.  In  tl>o  procoso  of 
swelling,  the  wet  ground  i3  displaced  and  displaces  the  structural 
supports  adfrozan~  to  it. 

•  ^  c  - 

Structures  ara  deformed  in  some  cases  because  of  icings  formed 
near  or  beneath  them.  Ihe  icings  may  flood  a  riven  structure  and  fill 
it  with  ice;  in  addition,  they  may  mechanically  damage  the  structure 
during  explosion  of  an  Icing  mound.  Deformation  of  earth  structures 
requires  special  consideration.  These  structures  are  affected  by  swell¬ 
ing,  settling,  icing  action,  extension  of  freezing  into  the  core,  and 
slippage  due  to  excessive  moisture  in  the .ground. 

Tho  following  paragraphs  deal  with  the  basic  typo e  of  defor¬ 
mation  to  determine  tneir  nature,  magnitude,  causes,  and  accompanying 
factors.  '  ■  ' 


Ii.  Struci'tura^Tei’o'ra'a'tieh'  Due" to  Swelling  of  Active  Layer 
i «  General  Rcsiarke 

The  active  layer  is  exceedingly  wet,  as  shown  in  Chapter  I, 
often  even  supersaturated,  and  swells  -intense!'}*  during  winter  freezing. 
Swelling  usdelly"  affects  large  areas.  It  is  usually  assumed"  that  -clayey 
and  lossy  ground  are  the  typea  of  ground •  that  would  swell  readily  and 
intensely"  under  ot  binary  conditions  outside  the  permafrost;  region. 

Undo:  pernefroat  conditions,  howsvor,  all  types  of  ground  tend  to  swell 
when  tho  moisture- content,  is  high  and  when  there  is  inflow  of  supraperna- 
frost  water.  This  is  due  to  low  atmospheric  temperature,  which  may  drop 
to  -..o  ’  1  or  even  -50°  C,  and  the  fact  that  the  upper  ground  layer  ie 
underlain  Ly  hard  rock  or  permafrost.  Iforeovor,  oven  grovol  end  coarse 
sand,  particularly  if  they  are  not  quite  cloan  and  contain  silt,  tendto 
swell  under  highly  unfavorable  conditions,  -v 

the  theory  of  ground  swelling  is  discussed  in  the  works  of 
r.  I.  S'Jr.fin  Professor  Voyslav,  and  S.  tAber,  so  that  it  is  unnecessary 
to  discuss  it  In  detail  hero.  The  proeont  work  doals  only  with  the  basic 
aspects  of  this  phonorconon  that  pertnin  to  its  nature  and  are  essential 
for  Iho  study  of  structural  deformation.  'Wien  a  givon  ground  layer 
freezes  ur.uor  natural  conditions,  ice  crystals  are  formed  in  the  layer 
11  it  is  h'.ffiu Lqr.tly  wet.  Thoc-c  crystals  increase  the  volume  of  the 
'ground,  causing  swelling" anu  raising  the  ground  surface.  In  the  pro¬ 
cess  of  swelling  or  expansion  of  ground  volume)  during  freezing  under 
natural  n<-.ndit  i^ns,  the  water,  involved  -comprises  both  the  water  tjontained 
in  this  voltarfo  ard  in  .•'net  cases,  a  considerable  quantity  of  inflowing 
water.  Thin  *nflo«  increases  the  voluro  of  thg  swelling  gT:Aind  f^r  bo- 
yor.u  the.  )<nrv;.j.  r‘  per  cent  riicivuse  in  volume  due  to  freezing  (trans¬ 
formation  into  ice)  of  tho  water  contained  in  the  ground,  Frofocaor 
Voyslav  succeeded  in  obtaining  o  volume  increase  of  lljd  per  cor.Vof  tho 
original;  this  occurred  under  laboratory  conditions  of  unlimited  cap¬ 
illary  ir.fl  r.i  ■  .  Tho  American  researcher  S,  Taber  states  that  he  observed 
an  increase  of  per  cent  in  ground  volume  at  a  given  point. 

Inflow- of'  water  into  a  freezing  ground  layer  is  due  to "cep-  ' 
illary  rise,  fores  of  c.rystwl-3 ivatior.  of  ice  'that  is,  .stresses  •-•crurring. 


in  the  ground  during  freezing),  and  ground-water  pressure  caused  by 
either  freezing  or  local  conditions.  The  causes  of  water  inflow  are 
of  practical  importance  since  they  determine  the  nature  of  the  measures 
for  preventing  the  inflow  and,  consequently,  re due in p  or  eliminating 
Swelling,  The  rise  ot water  -in  frozen  ground  is  not  improbable]  numer¬ 
ous  teats  and  investigations  havo  definitely  established  that  water  in 
fine  capillaries  resists  freezing  at  temperatures  considerably  lower 
than  those  occurring  in  tho  ground  undor  the  conditions  involved.  The 
increase  in  volume  when  water  is  converted  into  ice  occurs  instantane¬ 
ously,  so  that  swelling  .ecurs  intermittently. 

The  preceding  analysis  relates  tho  phenomenon  of  ground 
swelling  to  the  quantity  of  water  contained  in  tho  ground  and  to  the 
water  which  flows  into  the  freezing  ground  from  tho  outside,  but  not 
to  the  nature  of  the  ground  itBolf.  !h  actuality,  ground  that  drains 
well  usually  contains  less  moisture  its  capillarity  is  smaller. 
Consequently,  swelling  of  ouch  prounc  occurs  loss  frequently  and  its 
magnitude  is  smaller,  although  it  is  sufficiently  large  to  csubo  de¬ 
formation  of  numerous  structures. 

Observations  show  that  the  factors  causing  intensification 
of  heaving  of  structures  aro  as  follows]  other  conditions  being  equal j 
(1)  increased  content  of  loam  and  silt  in  the  ground,  (2)  lower  tem¬ 
perature,  (35  low  compressibility  of  tue  ground  beneath  the  active 
layer)  (h)  increase  in  thickness  of  tho  swelling  layer  within  certain 
limits,  and,  occasionally,  (5>)  increase  in  rate  of  freezing  of  tho 
ground.  Experience  has  proved  that  loamy  and  silty  grounds  swell  most, 
while  gravelly  and  pebbly  grounds  swell  least,  - 

Tho  rate  of  freozing  of  fully  saturatod  ground  is  generally 
the  same  for  all  types  of  ground]  under  natural  conditions,  however, 
this  rata  depends  or.  tho  state  of  the  surface  cover,  sinco  this  cover 
determines  the  rate  of  flow  of  cold  into  tho  ground.  In  addition, 
the  rate  of  freezing  of  the  ground  tends  to  increase  when  structural 
footings  arc  placed  in  the  ground,  since  they  act  as  conductors  of  cold. 

All  types  of  permafrost  have  low  compressibility]  accordingly, 
swelling -Is  pki-ViOul  arly  pronounced  whe'iever  tho  active  layer  rests  : 


directly  on  top  -of  the  permafrost.  The  sane  is  valid  in  the  case  of  the 
active  layer  underlain  by  rock. 

Although  the  active  layer  constitutes  the  swelling  layer,  yet 
its  antiro  thickness  does  not  participate  equally  in  the  heaving  of  struc¬ 
tures.  Ordinarily,  the  uppermost  portion  of  the  active  layer  does  not 
swell,  while  the  lowost  layers  swell  very  little,  sinco  they  do  not  contain 
the  necessary  amount  of  water  because  of  freezing  of  the  supra]  ermfroet 
water,  ar.d  their  temperature  does  not  drop  as  low  as  that  of  the  upper 
layers.  On  the  other  hand,  some  thin  ground  layer  participates  in  the 
process  of  swelling' at  any  given  moment.  K.  D.  L'orozov  [3,  papos  l»B— U5  ] 
points  out  that  ground  layers  which  already  are  frozen  and  have  been 
subjected  to  swelling  tend  to  swell  littlo  or  not  at  all.  This  haB 
recently  been  confirmed  by  teBt  conducted  by  N.  I.  Bikov  at  a  perma¬ 
frost  station;  ho  found  that  the  swelling  layor  did  not  exceed  1.5  m 
in  ah  active  layer  2.0  to  2.5  m  thick. 

Basically,  swelling  oX  tho  ground  occurs  as  follows.  As  the 
temperature  of  the  air  drops  below  0°  C,  the  ground  begins  gradually 
to  cool j  this  cooling,  of  a  given  freezing  layer  varies  with  distance 
from  t.he  ground  surface.  L'ost  of  the  water  in  the  ground  1b  converted 
into  Ice  immediately,  while  a  Bmall  portion  is  supercooled  below  0  C 
without  freezing.  Conversion  of  the  water  into  ice  causes  the  ground 
to  increase  in  volume,  that  is,  to  swell.  Duo  to  inflow  of  water  from 
underlying,  asyst  unfrozen  ground  layers,  a  certain  quantity  of  new 
water  roaches  the  frozen  ground  layer.  This  water  penetrates  into 
the  fine  fissures  of  the  frozen  mass,  combinoe  with  tho  supercooled 
watok  thero,  and,  becoming  supercooled  itself,  freezes  partially  and 
envelopes  the  ice  crystals  that  had  previously  formed  in  the  pround, 
facilitating  their  growth  and  pausing  further  swelling.  Port  of  the 
wator,  however,  remains  supercooled.  Thereafter,  another  quantity  of 
water  reaches  the  frozen  and  freezing  layers,  and  the  process  recurs 
until'  there  is  no  longer  any  inflow  of  water j  swelling  ceases  then. 

This  description  simplifies  the  process  of  swelling  to  sense 
extent,  since  in  actuality  the  inflow  of  water  occurs  not  intermittently 
but  relatively  continuously.  However,  this  cccc  not  uiuuise  the  major 


aspect  of” the  problem  involved.  The  supercooled  water  is  instantaneous! 
convertod  into  ice, 'so  that- the  swellirg’is  intermittent  rather  than 
gradual.  Simultaneous  freezing  ..of  a  large  quantity  of  supurccclod 
water  is  due  to  the  fact  that  supercooling  of  water  under  given  con¬ 
ditions  occurs  only  to  a  definite  degree,  after  which  tho  water  must 
convert  into  ice.  On-  the  other  hand, -this  convorcion  is  aided  by  the 
■  stresses,  developed  ir,  the  frozen  mass  as  a  result  of  lowered ^ tempera¬ 
ture,  which  cause  deformations  that  shake  the  fropen  crust  and  afdtate 
the  supercooled  water  in  the  lino  fissures  of  the  ground.  Soismoloi  lets 
have  recorded  tho  oscillatory  deformations  occurring  in  the  ground 
during  froozing  in  the  fall  [1*]  . 

In  accordance  with  the  precoding,  it  should  be  assumed  that 
•  only  one,  relatively  thin,  truly  effective  layer  which  swells  at  a 
given  instant  can  affect  a  structure  at  that  triad' ["3,  page  l'S]  •  - 
Available  data  indicate  that  the  thickness  of  this  effoctive  active 
layer  under  natural  conditions  increases  (from  the  surface  downward) 
during  freezing  of  the  active  layer,  until  freezing  reaches  a  certain 
depth;  having  attained  a  definite  maximum,  this  thicknoas  decreases 
as  freezing  progresses  deeper.  Accordingly,  the  process  of  swelling 
is  increasingly  rapid  at  first,  reaches  a  certain  maximum  rate,  and 
then  slow®  down.  Unfortunately,  tho  factors  influencing  tho  freezing 
of  the  active  layer  under  natural  conditions  have  not  boon  adequately 
ihvoatirated.  Therefore,  the 'rata  of  ground  freezing,  ite  dynamics, 
and  other,  important  aspects  of  the  phenomenon  are  not  known  as  yet. 

In  order  to  study  ti^  phenomenon  of  heaving  of  a  structure 
during  freezing,  of  ti,e  active  layer,  it  is  expedient  to  Investigate 
the  heaving  of  a  pile. of  weight  2*  under  an  external  load  P,  and  ex¬ 
tending  a  distance  5 H  into  tho  ground,  as  shorm  in  Fig.  23.  The 
phenomenon  occurs  as  follows.  For  convenience  of  analysis  the  entire 
process  is  divided  into  individual  stages  ocuuring  wiuiiin  corresponding 
time  intervals,  and  it  is  Assumed  that  a  definite  layer -free zee  durinp 
a  given  time  interval,  at  first  h,  theft  b^,  then  h^,  etc.  Ihen  the 
initial  frosts  set  in,  the  upper  ground  layer  h  finely  adfreezer  to 
the  pile.  Freezing  of  this  layer  causes  swelling  because  its  original 


vrater  and  the  ivater  that  reached  it  from  the  outside  are  converted,  into 
ice.  The  swollen  ground,  which  is  adfhozen  to  the  pile,  tends  to  up¬ 
lift  the  pile  until  it  assumes  position  2  (Fig,  23).  This  is  resisted 
by  friction  T  .between  the  surface  oil. the  pile  and  tho  thawed  ground 
underlying  the  frozen  layer,  the  weight  of  the  pile  Q,  and  tho  external 
load  P.  The  heaving  force  h  is  transmitted  to  the  pile  through  the 
surface  of  adfreezing  between  the  pile  and  the  swelling  layer.  The 
force  If  must  ovorcoae  the  sum;  of  the  forces  5S  »  T  *  Q  ♦  P. 

If  the  bond  between' the  frozen  ground  end  the  pilo  is  in¬ 
sufficiently  strong,  so  that  the  total  adfreezing  strongth  of  the  given 
ground  layer  is  not  greater  than  5S,  the  adfrozen  layer  will  separate 
from  the  pile  and  assume  position  3  (Fig.  22),  and  the  surface  noar  tho 
pile  will  rise  a  certain  height  Ah  with  respect  tc  tho  initial  height; 
a  gap  is  formed  around  the  pile.  PreBeura  (Fig.  k)  forces  water  from 
the  lower,  unfrozen  layers  into  the  gap  and  the  frozen  layer.  Progres¬ 
sive  freezing  in  depth  causes  freezing  of  a  new  layer  which  adfreezeo.^ 
to  the  pilo.  Simultaneously,  adfreezing  between  the  pllo  and  the  first 
(upper)  frozon  layer  is  restored  fully  or  in  part.  The  Becond,  freshly 
frozen  layer,  as  well  as  the  first  layer  which  haB  gained  additional 

v  .  •  i 

water.  Increases  in  volume  and  causes  additional  swelling  of  the  ground. 
The  surfoco  level  rises  additionally  to  +Ah^  and  assumes  position  ,lj 
(Fip.  23).  The  pilo  is  subjected  now  to  a  new  heaving  force  N^.  This 
force  is  m*eater  than  II  because  the  swelling  layer  is  thicker,  since 
both  the  given  layer  h^  and  partly  the  first  layer  h,  are  effective, 
and  since  freezing  probably  occurs  now  at  a  larger  inflow  of  water, 

Tliis  force  is  resisted  by  the  resultant  force  \SSj  a  T^  *  Q  ♦  r  which 
is  smaller  than  5S  because  decreases  as  freezing  proceeds  in  depth. 

The  new  heaving  force  is  transmitted  to  the  pilo  through 
the  cor  responding  surface  of  adfreezing  between  tlie  pile  and  the  ground. 
The  magnitude  of  this  surface  is  generally  indeterminate  and  is  approxi¬ 
mately  equal  to  the  thickness  of  the  layer  freshly  frozen  during  the 
given  time  interval  plus  part  of  Or  the  entire  thickness  Ji  of  the  first 
layer..  As  ip  the  previous  .cycle,  if  the  adfreezing  between  the  pile  and 
the  ground  i s  weak ,  the  force"  fh  Cannot  be  transmit U>  the  Silo  arid 


the  force  2S^  causes  cle&yaro  between  the  adfrozpn  ground  and  tiio  pilo 
and  recurrence  of  the  nap  around  the  pile}  the  ground  assures  position 
!>•  (Fis.vil).  ;  ■  .  ^ 

A  similar  process  occurs  during  freezing  of  a  third  layer 
hj  and' results  in  position  6  (Fig,  23)  .  Tho  prourici  nurface  rises  to 
position  +Ah,>.  A  new  heaving  force  Nj  arli>!».g.t  The  magnitude  of  the 
adfreezing  surface :is.  determined  now  from  this  pile  diameter  and  the  hcirht 
hj  plus  somo  indefinite  part-  of  tho  dura  h  *  1^.  If  the  adfrescinp  ctrcnntt 
still  is  insignificant  and  does  not  exceed  liSg  “  Tg  ♦  Q  +  V.,  no  uplift, 
of  the  pile  will  occur.  However  if  the  ndf rooting  tetv.con  tho  pile  nui 
tho  frozen  ground  is  considerable,  and  tho  resultant  total  strenrth  of 
adfroszir.p  exceeds  the  resisting  force  2S2r  the  pilo  will  pull  out  oi 
the  ground  a  distance  of  Ahg  ♦  Ah^]  that  is,  the  pile  will  heave. 

Further  freezing  of  successive  ground  layers  v.ill  result  in  increased 
protrusion  of  tho  pile  from  the  ground.  ■  .  >  _ _ 

Hater  and  fluid  ground  Usually  fill  the  void  formed  when 
the  pilo  has  been  uplifted.  The  wator  freezer  and  forme  ice  bonoath 
the  pilo  (Fig.  2li).  -This  ico  freezes  in  summer  and  the  pilo  settler- 
slightly.  The  fluid  rrourd  vAiicn  flowed  into  tho  void  remained  there, 
so  that  the  pile  cannot  resume  its  original  position.  Thu  pile  remains 
protruded,  that  is,  it  retains  "residual  heaving,"  Recurrence  of  this 
phenomenon  over  a  period  of  several  years  causes  the  pile  to  be  forced 
completely  out.  of  the  , rrourd.  Figure  25  shows  heaved  fence  posts.  It 
is  clearly  seen  that  the  heaving  is  not  uniform. 

In  accordance  with  the  preceding,  it  scotts  correct  and  logical 
to  astuco  .  that  toe  heaving  force  is  .  -  -  .  .  , 

k  *  :j  t  p  . 

wljero  H.  is  the  height  of  adf roe zing  between  the  pile,  and  tho  active 

layer  (Fir.  2fi)»  7  is  the  corresponding  noon  adfroozinr  strength,  -  . 

and  £  is  the  perinotor  -of  tiio  pile  section.  At  definite  ^values  ,t»f 
R  and  7  (Fir,  26},  eater-mined  from  local  factors, '  heaving  of  tho  pile 
would  occur  if  tin*  following  condition  is  satisfied: 

HTp  a  T  ♦  Q  ♦  F  Ci 

id  other  words,"  r.bavii’g  would  occur  if  tho  \-i i  ,r?  ■  iuiT5ctl^r  55  -  - 


the  ground  and  the  pile  of  given  cross  section  as  well  as  the  adfreozing 
strength  t  are  sufficient  to  transmit  a  heaving  force  capable  of  over¬ 
coming  the  resistance  to  uplift,  that  is,  I  *  C  *  P.  Tsytcvich's  method 
for  determining  uplift  is  based  on  these  consider at ions.  This  method  is 
logical  ,.and.  technically  correct’,'  However,  even  row  it  is  difficult  'to' 
-determine  the  proper  magnitudes  ’ of  H  and  T  to  be  used  in  the  calculations. 

Oririnal  calculations  of  the  safety  factor  assume  that  H  iB 
equal  to  the  entiro  depth  of  the  active  layer,  while  T  is  computed  from 
laboratory  results.  Tho  latter  value  depends  on  the  ice  content  and 
temperature  of  the  adfreeainp  ground.  The  degree  of  saturation  with  ice 
was  approximately  determined  from  the  formula 


in  which  Is  tho  ico  (wator)  content  of  the  ground  by  weight  (moiBture 
of  tho  frozon  ground)  and  Wn  is  the  water-holding  capacity  &f  thiB  ground 
aftor  thawing. 

The  QST  Manual  90032-39  recomnonds  that  T  be  detorulnod  in 
such  cases  from  Table  IV  which  appears  on  page  lli6  of  this  text.  Ubo  of 
such  values  of  H  and  r  loads  to  father  parodoxical  results.  Even  if 
relatively  favorable  conditions  are  assumed.  Such  as  an  active  loyur 
of  200  cm  in  thicknoss,  for  example,  and  T  is  assigned  a  value  corres¬ 
ponding  to  unity  saturation  with  ice  and  determined  from  tho  03 T  table, 
then  the  heaving  force  on  a  pile  of  diameter  d  =  20  cm  at  a  ground  tempera¬ 
ture  of  only  -1°  C  will  be 

IJ  *>■  3 *11*  x  20  x  200  x  6  =  75360  kg 

At  the  name  time,  the  tensile  strength  of  such  a  timber  pile  (of  poor 
quality)  is 

E  n  l’}1*.*  ?.°.  200  -  6*800  .kg 
U  ■ 

Since  H&S,  it  need  be  assumed  that  heaving  can  result  in 
tensile  failure  of  the  pile,  which  never  happens  in  actuality.  N  might 
possibly  be  less  than  E  in  other  cases,  but  even  then  it  would  amount 
to  several  tens  of  tons,  whereas  the  load  on  c  pile  of  diameter  d  »  20  cc 
-Seldom  exceeds.. 10  tecs,  hence  all  piles  should  he  subject  to  heaving, 
which  is  not  usually  the  case.  On  the  other  hand,  all  attempts  to  design 


piles 'that  would  resist  heavier  determined  in  accordance  with  the  pre¬ 
ceding  method  invariably  ros-alt  in  cesicn  and  layout  that  cannot  bo 
justified  in  spito  of  tho  porfoct  lopic  involved.  Evidently,  the 
vaiuos  of  ii  and  T  used  in  the  confutation  are  erroneous.  Apparontiy, 
th6y  aro  preatly  overestimated. 

Field  observations  have  repeatedly  shown  that  the  upper  part 
of  the  active  layor  does  not  adfreoze  to  tho  pilo  when  tno  frost  pene¬ 
trates  deeper  into  the  pround.  N.  I.  Bikov,  who  devoted  a  proat  dual 
of  time  to  the  study  of  pile  heavinp,  assumes  that  tho  procoss  of 
swellinp  occurs  only  in  60  to  75  per  cent  of  tho  active  layor  iri  ropiono 
where  this  layer  is  2.0  to  Z.5  'a  deep,  in  spite  of  the  fact  that  tho 

o 

moisture  contont  is  30  por  cent.  Havinp  inveotipatod  the  swelling 
process  and  the  correspondinp  available  data,  K.  D.  Jiorozov  [3,  pare  U9] 
arrived  at  a  similar  conclusion.  -  ■■  -  ’’ 

Wit!/  regards  to  the  mepnitude  T  ,  recent  studies  provo  that 
the  OST  data,  mentioned  previously,  aro  inadequate  for  determining 
the  strenpth  of  ndfroezinr  between  the  pilo  and  tho  rround  under  nat¬ 
ural  conditions.  Bikov  has  conducted  a  series-  of  experiments  at  a 
pentorfTOSv  Station  and  found  that  the  adfreezlnp  strenpth  of  the  pround 
at  tills  station  did  not  exceed  220  to  200  kp  per  cm  of  pile  perimeter j 
this  result,  coupled  with  the  fact  that  the  swellinp  layer  is  only  ISO  cm 
thick,  yields'  a  maximum  adfreezlnp  strenpth  of.  1,3  kp  por  cq  cm  in  tho 
case  ol'  tpie  relatively  poor  pround  involved,  consiotinr  of  super  saturated 
Silty  loam.  J  In  ronorol,  his  experimental  results  show  that  tho  adfrecuinp 
atrenrth  averapos  between  0.6  to  1.3  kp  per  aq  cn. 

Accordinr  to  V.  K.  Yanovsky,  who  conducted  a  sorios  of  tosta 
alonr  the  Vorkuta  River  to  determine  the  adfreezinp  between  timber 
jpilos  and  pround,  tills  strenrth  ranpes  from  0,8  to  1.2  kp  per  rq  cm. 

P.  I.  Itelnikov  conducted  similar  tests  in  Yakutia  under  natural  con¬ 
ditions  and  found  that  the  adfreezinp  stronfth  was  about  1  kp  per  Eq  cm. 
Additional  tests  must  bo  conducted  in  order  to  detomino  tiio  final 
value  of  r  for  various  types  of  rround  under  various  conditions.  .  In  „ 
the  meantime,  it  is  expedient  to  use  the  values  for  adfreezinr  stror.pth 

giuhn  vn-TaK^o  -U  -  itKoy  am  v-al  j/V  Tnr  rtrnl  ]  m  {  wary  ,  AvAlnat.ifili3  5i i fifi^  Uifty  _  _ 


are  related  'Co  ice  saturation  and  temperature  of  the  ground,  are  based 
:qn  the  teat  results  do scribed  above,  and  are  derived  in  accordance. with 
the  relationship  between  ice  saturation  and  T  ,  established  in  OST  Man¬ 
ual  90032-39.  ;<  '  V  ■  - 

..."  -  '  ■'  "  Table  V 

COJ.T’dTATIOHAL  VAIU2S  OK  TANGENTIAL  ALKREEZING 


Adfreazinp 

Surfaces 


Mins-toxturud 
ground  (loamy 
sand,  sandy 
loan,  clay 
loam,  silt)and 
wood 


STRENGTH  T  IN  KG  PER  SQ  €U  • _ _  _ 

—  J-"  "  '  ~  ~ 

Temperature  -1C _ i  •"  Temperature  -10°  C 


[ce  Saturation 


Ice  Saturation 


\o.2S  c.50  j  o.,7?  fl  to'i.uT 0.25  I  o.5oTo.7?Tl  to  l.U 

— r — r~; — I — I - : - 

! 


♦liO  1 0.50  0.70-  1.00  0.50  i  1.20  2.20*1  2.60' 


The  same  prountl  ! 

and  concrete  p.UO  0.60  O.flO  1.20  0.60  j 1.U0  2.A0  3.20 


It  should  bo  notod  that  most  intensive  swelling  occurs  not 
immediately  after  the  onset  of  frost,  but  about  a  month  lator.  There¬ 
fore,  it  is  judicious  arbitrarily  to  divide  the  aBBumed  thickness  of 
the  frozen  layer  into  two  parts,  one  Tfitlr  lower  and  the  other  relatively 
higher  temperature.  Investigation  of  the  mean  temperatures  at  various 
depths  of  the  active  layer  in  various  places  shows  that  the  temperature 
of  the  upper  half  of  the  frozen  layer  may  be  taken  no  -10°  C,  while 
that  of  the  low-r  layer  may  be  taken  as  -1°  C.  Accordingly,  the  follow- 

inf-  formula  is  recommended,  for  determining  the  heaving  force 
0.75hpt  0,75hpf, 

R  •  — - —  ■  ♦  — -  ^>C.3Shp(  T  +  T.  )  (2) 

2  2  .  - 

in  which  h  is  the  thickness  of  the  active  la2/or  in  cm,  £  is  the  peri¬ 
meter  of ; the  foundation  in  cm,  T  is  the  adf roozing  strength  in  kg  per 
eq^ern  at  a  temperature  of  -1°  C  (from  Table  V),  and  is  the  unfreezing 
strength  in  kg  per  so,  cm  at  a  temperature  of  -10°  C  (from  Table  V).  '' 

Application  to  the  preceding  example  yields  - 

it  -  n..v;  *  COC  X  3 -iii  X  20(1.20  ♦  3-20)  -  21000  kg 


This  magnitude  of  the  heaving  force  seems  to  be  'a  fair  approximation 
of  its  actual  value, 

It  need  be  emphasized  that  the  data  of  Table1  V  may  tie-  used 
only  for. preliminary  estimates.  These  data  should  definitely  not  be 
used  for.. purposes  of  final  "evaluation.^ The  design  value  of  the  ad- 
freezinp  strength  must  be'  determined "in.  each  instance  by  moans  of  care¬ 
ful  field  tests.  ,a  ■  j  « 

2.  Deformation  of  Structures  V'  — -  ---  . 

Posts  aro  used  in  building  construction  either  aB  columns 
sunk  into  the  (’round  or  as  piles,  figure  27  shows  a  typical  design 
of  a  frame  dwelling  supported  on  tidier  footings  extended  into  the 
ground.  Buildings  of  this  type  are  frequently  encountered  in  the 
permafrost  regions,  since  they  were  adopted  during  initial  construe-  . 

•  •  ...  "  •o  u 

tion  of  railroads.  The  drawing  shows  all  the  design  aspects. 

Reaving  of  the  footings  of  such  buildings  results  in  the 
deformation  shown  schematically  in  Pig.  23.  The  effects  of  ouch 
heaving  on  a  wooden  building  are  aa  follows t  the  building  tiltB, 
the  floors  buckle,  the  timber  frames  part,  and  qracke  are  formed. 
During  the  warm  season  the  heaved  structure  settles  and  tends  to 
resume  its  previous  position.  As  stated  previously,  the  space  be¬ 
neath  the  footing  is  occasionally  filled  with  ground,  so  tfcal  no 
settling  or  incomplete  settling  occurs.  Heaving  recurs  during  the 
following  winter,  and  the  same  footings  or  othor  footings  undergo  de¬ 
formation.  Tito  rosult.is  that  the  iuildinr  soon  bocomes,  useless  in 
spite  of  annual  repairs  and  improvements. 

fcasonry  piers  arc  also  eutjoct  to  hCayinr.  When  such  a 
pier  extends  deep  in  the  ground,  it  forms  a  firm  bond  with  tho  ground 
beneath  ths  active  layer  because  of  friction  or  adfreesing  to  the 
permafrost;  swelling  of  the  upper  portion  cf  tho  active  layer  cay  cause 
rupture  of  tho  pior  and  occurrence  of  horizontal  cracks  (rig.  29).  The 
cracks  may  fill  with  iluid  rround,  in  which  case  during  the  summer  tho 
structure  would  retain  tho  position  it  assumed  during  winter  Heaving’." ’ 
liitihlgidsss  not  occur,  the  structure  would  settle  and  assume. its 


original  .position,  while  the  cracks  would  close.  At  any  rate,  it  is 
obvious  that  annual,  recurrence  of  nonuniform  heaving  may  rapidly  render 
the  Structure, entirely  useless  even  in  this  case. 

Timber  piles  of  trestles,  bridges,  and  similar  structures, 
frequently  undergo  heaving  during  Uio  winter  if  they  arc  driven  insuf¬ 
ficiently  deep  into  the  ground.  Deformation  of  pile  structures  causeG 
failure  of  colic: o  and  tie  beams,  as  "well  aB  complete  deformation  of 
most  nstcho£  and  rrrrtiaa9.  _  JLa  in  the  case  of  posts,  heavinr  of  piles 
to  the  ultimate-  height  occurs  IrituiTii  Iter  illy  during  the  entire  freozirig 
period  of  the  active  layer.  Heaving  of  footings  is  most  extensive  when 
the  active  layer  consists  of  iirra-textured  material.  Heaving  of  piles 
often  occurs  everr  in  tho  case  of  the  sandy  active  layer. 

The  maximum  recorded  heaving  of  bridge  piers  and  piles  gas 
about  2  m.  During  a  single  wintor,  however,  the  extent  of  heaving  is 
only  iO  to  60  cm.  lioavod  piles  usually  settle  durlnc  tho  summer,  but 
thoy  almost  never  asrvroo  their  original  position j  as  a  result,  consid¬ 
erable  roridual  deformation  accumulates  over  a  period  of  years,  inter¬ 
fering  with  tho  normal  functioning  of  the  structure. 

Pile  systems  do  not  heave  uniformly  in  transverse  and  longi¬ 
tudinal  directions.  In  the  case  of  bridges,  tho  piles  located  within 
the  embankment  do  r.ot  heavo  if  tho  fill  is  1.5  to  2.5  a  abovo  ground 
level.  Piles  located  an  a  stream  rarely  undergo  dei'ormation  if  the 
Ice  layer  is  abput  1  m  thick.  Piles  driven  into  the  ground  at  an 
anrle  usually  do  not,  heave  even  when  thoy  are  not  doop.  Bikov  reports 
that.,  piles  driven  Into  tho  permafrost  to  a  depth  of  2  m  are  'suet  subject 
to  heaving.  - 

Piles  driven  into  the  'ialik  beneath  the  active  layer  at  places 
where  perreafrost  is  absent  or  occurs  at  rreet  dopth  may  bo  heaved  in 
some  cases  (Fir.  30)  if  they  do  not  extend  sufficiently  below  the  active 
layer  and  if  this  layer  is  extremely  wot.  Deformation  does  not  occur  if 
tite  piles  are  driven  a  sufficient  distance,  3  to  U  a,  below  the  active 
layer  (a  distance  exceeding  thu  thickness  ei  the  active  layer  by  1  to 
1.5  ft) ,  that  Is,  if  the  pileaatw  driven  to  6  depth  of  5  to  6  m  below 


the  surface.-  Deformation  i'e  particularly  extensive  and.  conmen'llh  the 
case  of  structures •supported  on  mats.  Mats  wore  widely  used  in  bridge 
construction,  for  example,  when  permafrost  or  rock  occurred  directly  . 
beneath  the  active  layer. 

Most  current  structures  founded  on  “mats  have  deformed,  in  “■ 
spite  of  the  fact  that  the  swelling  ground  around  the  piles  was  re¬ 
moved  and  the  space  was  filled  with  gravel  in  order  to  reduce  heaving 
-  (Fig.  31),  Such  systems  are  deforced  because  the  poets  are  tom.  away 
from  the  mats  5  while  the- mats,  remain  in  place,  the  posts  are  heaWcT^“ 
to  a  certain  height  (Fig.  1?).  Tho  clamps  joining  the  posts  to  the 
mat  become  straightened  and  pull  out  of  the  wood,"  while  the  bolts  in 
the  collar  become  twisted  and  pull  out.  If  the  Joints  are  extromely 
strong,  the  mate  themselves  rise  slightlyj  thia  ie  preceded  by  ex¬ 
tensive  deformation  of  the  timber  and  the  metal  fastenings.  Exper¬ 
ience  shows  that  mate  for  foundation  columns  may  be  used  only  under 
particularly  favorable  conditions,  such  as  in  the  case  when  tho  mate 
are  located  in  dry  ground  that  drains  well. 

leaving  always  causes  rupture  •«£  pile  splices  located 
within  tho  detive  layer,  so  that  the  uppor  ‘part  of  tho  pilo  is 
heaved  even  If  the  ordinary  fastenings  are  extremely  strong.  Deform¬ 
ation  of  this  type  Is  shown  in  Fig.  33.  Hie  splices  of  tho  extreme 
left  dnd  right  bridge  piles  are  ruptured)  tho  displacement  is  about 
60  cm.  Tho  collars  are  pulled  clear  and  the  bolts  are  withdrawn 
from  the  wood.  Although  tho  brood late  ground  has  been  removed,  the- 
piles  did  not  settle  back  in  place  because  of  the  extensive  deforma¬ 
tion  of  the  upper  system. 

Figure  3b  shows  an  exterior  view  of  a  deformed  railway 
bridge  supported  on  piles,  lipon  heaving,  the  bridge  became  humped) 
tho  hump  is  clearly  sopn  in  tho  photograph. 

Also  masonry  structures  frequently  are  affected  by  swelling 
of  the  active  layer,  honunifora  hoaying  of  tho  foundations  causes  eraoks 
in  the  wallb.  However,  such  deformation  is  relatively  rare  and  occurs 
lnr-4-h».-.fay  ^tif;.unhea.tyd.-aB<enry  ‘ structures. _  k’os.t  masonry  'buildings  are 


heated,  so  that  swelling  cf  the  around  rear  the  buildings,  which  cor. 
occur- even  under  these  conditions,  is  not  so  intense.  This  is  ex¬ 
plained  by  the  fact  that  masonry  buildings  usually  are  erected  in  rel¬ 
atively  populated  areas  in  which  meliorative  drainage  operations  re¬ 
duced  the1. water  content  of  the  ground.  In  addition,  the  building  it- 

"  .  .  V 

sell'  is  a  source  of  heat  which  is  partially  transferred  to  the  ground) 
thic  prevents  rapid-  penetration  of  cold  into  the  ground  and  generally 
increases  the  temperature  of  the  ground  near  the  foundations, so 
strong  adfbeezinF  cannot  occur,  For. this  reason,  heaving  of  founda¬ 
tions  of  masonry  buildings  occurs  only  in  cnseB  where  conditions  are 
unfavorable,  particularly  if  ns  appropriate  cotpu  arc  taken  tp  re¬ 
duce  tho  hazard  of  deformation. 


An  interesting  case  of  deformation  due  to  heaving  of  a  ma¬ 
sonry  building  occurred  in  Yakutsk  in  1913-  Tills  building,  which  housed 
tho  technical  hiph  school,  had  brick  walls.  After  two  stories  had  beor. 
erected,  the  building  was  left  uncompleted  over -the.  wintor.  Considerable 
henvinp  occurred  during  the  winter.  After  repairs  wero  made,  construction 

was  completed,  and  the  building  was  occupied,  deformation  no  longer  occurred. 

// 

Tho  following  data  about  the  deformation  of  masonry  piers  of  a 
bridge  are:  indicative  of  the  magnitude  of  the  heaving  force.  Figure  35 
shows  a  atone  pier  of  a  railway  bridge  with  spans  of  ,10.7  raj  tho  pier  . 
had  bean  sunk  to  a  depth  of  2. h  ®_in  the  permafrost  region.  Heaving 
occurred  annually.  Within  15  years  the  pior  was  raised  a  distance  of 
126  cm.  The  ground  around  tho  pier  was  sandy  loam.-  fioavinp  bepsn  rer- 

■■  i/i  - 

ulariy  at  the  end  of  Oc tober,  became  more  intense  in  January  and  February, 
and  ceased  in  J,'«rci.  or  April.  The  pier  hardly  settlod  during  the  Fumnutr. 
Boreholes  showed  that  fluid  ground  and  water  accumulated  beneath  "die  pier 
bneoj  these  materials  froze  and  prevented  settling  of  the  pier.  The., 
surrounding  rround  was  supersaturated.  Permafrost  at  this  point  occurred 
at  a  depth  of  1.6  to  1.7  tn.  •  '  •  -  .. 


"  Figure  36  shows  ahott,or"'interQstinp,  example  of  heaving  of  a 
bridge  pier;  the  spans  involved  are  6,h  n  In  length.  This  pier  was  3unk 
aewp  .IrrtG Its  base  »•««  h.3  m  below  the  surface.  There  was  no 
seepage  into  the  foundation  pit  and  no  pumping  was  required  during 


construction  of  the  pier.  The  pier  became  deformed  several  years  after 
it  was  built.  Cracks  wero  found  in  the  masonry.  In  order  to  determine 
the  condition  of  the  structure,  the  ground  adjoining  tl«e  upper  part  of 
the  foundation  was  ronovedj  horizontal  cracks  were  found  in  the  upper 
third  of  the  pier.  No  cracks  wore  found  in  tho  lower  part,  although 
the  ground  was  cleared  away  to -a  depth  of  u  m.  Ihe  horizontal  cracke 
evidently  resulted  from  ground  swelling  which  heaved  the  upuer  part 
of  the  pier  and  separated  it  from  the  lower  part.  The  lower  part, 
which  was  heavy  and  wedged  deep  in  the  ground,  heaved  very  little. 

During  June  the  pier  settled,  but  not  completely. 

Figure  37  shows  a  culvert  deformed  by  ground  swelling.  Tho 
culvert  rests  on  separate  foundations,  Disproportionate  and  intone ivo 
heaving  of  the  individual  foundations,  resulting  from  excessive  mois¬ 
ture  in  tho  ground,  caused  the  arch  to  ,prackj  the  cracks  later  extended 
to  the  walls  above  the  culvert. 

Swelling  ground  usually  deforms  tho  roof  and  sloping  wingwalls 
of  tho  culvert.  The  wixipwalls  nearly  always  havo  vertical  cracks  which 
widen  towards  the  foundation  baao|  tho  cracks  ara  particularly  humorous 
at  the  Joint  between  the  first  layer  of  bricks  and  the  keystone.  .During 
swelling  of  tho  ground  the  winggalls  get  as  cantilevers  and,  since  ma¬ 
sonry  is  not...gtebrfg'ln  tension j  '  thoy  separate  frean  tho  culvort  at  the 
junction. 

Horicontol  stresses  developed  in  the  process  of  heaving  aro 

known  to  have  caused  failure  of  stone  foundations  in  ease  cases.  How- 

over  such  forces  can  arise  only  under  special  Conditions,  so  that  de¬ 
formation  of  this  type  is  quite  rare.  "y.  A.  Svinin  [$]  ,  the  engineer 

who  first  discussed  this  aspect,  reasons  that  in  thu  ease  of  a  hosted 
building  the  thawed  ground  within  seme  closed  poriphery  of  the  founda¬ 
tions  cannot  prevent  expansion  of  the  frosting  ground  outside.  This  „ 
[results  in  pn  unbalanced  horizontal  pressure  (Fig.  3^)  directed  to¬ 
wards  the  building.  Tiils  pressure  causes  tho  foundations  to  deflect 
inward  arxi  cracks  are  formed  in  them..  Deformation  of  the  foundation 
causes  cracks  to  occur  in  the  walls  also.  Figure  3?  shows  'em  unoovorod 
foundation  of  such  a  building.1  Crushed  stonework  at.u  broken  aafcosiry 
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are  readily  visible. 

In  an  effort  tc-  adayt ..construction  to  changes  in  surface  level, 
construction  engineers  made  extensive .-.use  of.  crib  foundations  for  wooden 
building  (Fie.  i»0).  Tl^se  arc  cribs  of  short  logs,  arranged  crisscross, 
or);  which  the  bottom  row  of  timbers  rests  at  several  places.  ThcBe  cribs 
weire  laid-  directly  on  the  ground  from  which  the  cover  of  moss  ,ind  humus 
hie  been  removed.  Sometimes  the  ground  beneath  the  cribs  is  excavated 
to  some  depth  and  ia  replaced  by  rubble,  gravel,  or  sand.  It  is  assumed 
that  a  building  supported  in  this  manner  would  rise  and  subside  in  con** 
formity  with  the  changes  in  ground  level  during  swelling,  and  that  Its 
relative  rigidity  would  tend  to  modify  these  changes. 

However,  recent  experience  has  shown  that  most  heated  buildings 
wore  greatly  do  formed  regardless  of  arrangement,  type  of  oribs,  and  the 
nature  ol'  the  rr-;Und  beneath  the  cribs.  The  deformation  affected  the 
buildings  as  follows.  Gaps  formed  between  wall  timbors,  frame  joints 
came  apart,  some  buildings  tilted  excessively  and  warped,  floor  planke 
separated,  ni id  windows  end  doors  became  stuck.  Some  wooden  buildings 
gradually  began  to  sink  Into  the  ground.  All  these  occurrences  are  due 
to  the  fact  that  the  active  layer  often  is  exceedingly  wet  and  has  low 
faring  capacity.  It  swells  extensively  In  the  winter,  and  undergoes 
'considerable  settling  under  loau  in  the  summer.  Therefore,  simple  crib 
foundations  are  unsuitable  and  ar8  currently  used  only  in  the  case  of 

wooden  buildings  of  secondary  importance  that  ore  mostly  unheated. 

'  .  '•  -•  ~  ;  & 

Hits  ccmsideration  led  to  the  design  of  buildings  on  <jgib 

foundations  over  e  special  fill  (Fig.  bl)  of  woil~drainln£  north  or 
alaa  covered  with  a  layer  of  peat  or  moss.  Such  rill  prevents  rapid 
penetration  of  cold  into  the  ground  and  tende  to  decrease  the  tempera¬ 
ture  fluctuations  of  the  ground  beneath  the  building  and  near  it;  in 
addition.  It  ferns  a  layer  which  can  distribute  the  woight  of. the  build¬ 
ing  over  &  large  area  of  tine  active  layer,  and  tends  to  reduco  the  mois¬ 
ture  of  the  ground  near  the  building.  Theoretically,  a  suitable  fill 
should  make  it  possible  tcyjaaintain  a  constant  temperature  of  about 
zero  In  .'the  upper  portion  of  the  active  layer;  however,  this  would  tq~ 
quire  a  fairly  thick  f ill , vobon  if  the  fi ] 1  material  had . good  thermal 


resistance.  The  effectiveness  of  such  a  design  has,  not  been  established 
since  such  buildings  are  infrequent.  It  is  reported  that  a  house  of  thl 
type  exists  in  Skovorodino.  It/.has  a  ventilated  air  space  ovor  a  crib 
foundation  laid  on  a  Slag  fill  70  ce  thick.  Nevertheless,  this  house 
has  been  subjected  to  heaving.  '  ,  » 

C.  Deformation  of  Structures  Due  to  Thawing  of  the  Permafrost 
1.-  General  Remarks 

It  was  stated  previously  that  the  upper  permafrost  limit  1b 
unstable  even  under  natural  conditions  of  the  region  involved,  and  that 
it  is  affected  by  relatively  insignificant  factors.  It  ie  obvious, 
therefore,  that  human  activity  would  cause  considerable  changes  in  the 
depth  at  which  permafrost  occurs.  Arrival  of  man  is  accompanied  by 
economic  activity  which  greatly  disturbs  the  natural  regime  and  charac¬ 
ter  of  the  region,  lian  builds  roads,  buildings,  clears  the  ground,  and 
tills  the  soil.  As  a  result,  the  moss  and  vegetation  covors  of  the 
ground  are  destroyed,  forests  are  logged,  and  the  ground  1b  drained 
near  construction  sites.  Various  structures  are  erected  on  the  ground 
and  foreign  bodies,  such  as  foundations  and  conduits,  are  introduced 
into  the  active  layer  and  the  permafrost.  Road  building  and  grading 
of  sites  selected  for  settlements  result  in  cuts  and  fills.  All  those 
activities  produce  a  rapid  LA  extensive  change  in  tlio  initial  regime 

.  •-  v 

of  the  ground  water,  in  moisture  content  of  the  ground,  and  in  the 
natural  temperature  regime  of  the  ground,  so  that  the  upper  permafrost 
limit  is  displaced  with  respsct  to  its  position  prior  to  the  development 
of  the  given  region  or  area. 


..Such  activities  usually  cause  recession  v  the  upper  perma¬ 
frost  liaitj  in  individual  casss  at  particularly  favorable  conditions, 
howover  ,  ~ihd  level  air  mi iv ii  tiro  pargafrost^-oscsra  rlcoc  .ir.d  approaches 
the  ground  surface.  The  variation  of  the  upper  permafrost  limit  is 
rather  indefinite  and  ranges  within  several  meters.  It  is  nearly  im¬ 
possible  tb  predict  the  extent  to  which  the_  permafrost  level  may  drop 
since  this  phenomenon  largely  depends  on  both  the  reglao  of  ground 
water  and  the  surface  cover,  so  that  the  factor  of  thermal  exchange 
between  the  ground  and  the  atmosphere  is  involved.  . 
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Sons  engineers  are  of  the  opinion  that  the  change  in  the  upper 
permafrost  limit  can  be  determined  experimentally  in  places  selected  as 
constriction  sites.  Of,  course,  this  is  feasible  in  principle.  However, 
the  usual  test  method  involved  ia.  erroneous  and  may  produce  misleading 
results.  This  method  is  as  follows.  An  area  of  about. 30  by  30  m  at  a 
given  loeation_jLa.  stripped  of  vegetation,  and  its  moss  and  peat  covers 
are  removed j  it  is  assumed  that  the  level  of  the  upper  permafrost  limit, 
established  during  one  year  under  condition  of  such  bare  surface,  would 
approximate  the  level  which  this  limit  would  attain  after  completion  of 
constriction  in  the  region. 


"  In  many  cases  a  test  area  of  such  dimensions  will  not  provide 
even  an  approximate  idea  of  the  possible  changes  in  permafrost  level. 
Simple  removal  of  the  surface  cover  from  a  small  area  confined  within 
a  limitless  region  of  virgin  ground  cover  yields  incorrect  and  unexpected 
results  which  l^va  nothing  in  common  with  actuality,  since  the  regime 
of  the  ground  water  under  such  test  conditions  is  altered  in  a  manner 
totally  different  from  that  occurring  when  a  large  area  is  developed 
and  is  covered  with  structures.  It  should  be  noted  that  the  results  of 
such  'tests  would  probably  vary  in  accordance  with  tits  season  (spring  or 
fall)  in  which  the  ground  was  bared  and  observations  began.  One  year  is 
adequate  for  conflation  of  the  cycle  of  the  phenomena  occurring  in  such 
an  area.  This  method  Is  applicable  only  in  the  case  of  isolated,  small 
structures,  provided  a  much  larger  teat  area  is  used. 


It  is  .ludicious  to  solve  the  problem  of  tbs  position  of  the 
upper  permafrost  limit  on  the  basis  of  aotual  construction  experience 
in  the  given  or  analogous  regions,  and  to  proceed  with  construction 
only  after  the  entire  area  has  been  cleared  and  graded  and  all  melio¬ 
rative  measures  for  subsequent  use  have  been  aceon$llshed.  These  j>re- 


poratory  operations  onaenri  beattrrieuvut  at  least  ona  ysar  prior  to 


construction. 


It  should  be  noted  that  the  data,  obtained  by  0.  I.  Fink  and 
others  on  constfuction  of  the  Amur  Railroad,  indicate  that  thawing  of 
the  permafrost  and,  consequently,  lowering  of  the  upper  permafrost  limit 
in  regions  under  development  continue  for  a  period  of  four  to  five  years 
ijt  vA—  cf  ordinary  r round,  aad  two  to  three  years  in  the  case  of 


sandy  ground.  According  i'o  Fink,  the'  maximal  depths  of  thawing  along 


the  Astir  and  Trans-Baikal  Railroads,  determined  by  various-  methods  at 
various  points,  average  as  follows)  3-5  m,  when  determined  by  excavating, 
drilling  nr  probing;  3.8  a  when  determined  by  thermometer  readings.  In 
places  where  the,  surface  cover  has  been  disturbed,  the  average  value  in-  - 
creased  to  L.3  m  and  the  maximum  increased  to  5*1  m.  These- values  refer 
approximately  to  regions  in  which  the  average  annual  atmospheric  tempera¬ 
ture  ranges  from  l.f°to  2.5°  C  and  the  snow  cover  is  25  to  «5  era  thick. 
These  values  are  not  valid  for  other  regions.  In  shady  places  or  on 
slopes  facing  north,  these  magnitudes  are  15  to  20  per  cent  smaller;  on 
sumy  slopes,  however,  they  are  10  to  15  per  cent  larger. 

Table  VI,  containing  data  that  have  been  verified  reasonably 
well,  shows  the  extent  of  change  in  the  upper  permafrost  limit  beneath 
buildings.  o 


TABLE  VI 

SPECIFIC  INSTANCES  OF  CHANGES  IN  POSITION 
OF  UPPER  PEUIAFROST  LIBIT  BENEATH  BUIEDINOS 


No. 

Building  Location 
and  Function 

i - 

Depth  of  Upper  Permafrost 
Limit  below  Ground  Surface, 
-  in  Meters 

Remarks 

■ 

Third  ng 
Construction 

After 

Construction 

I 

Heated  depot 
at  Skovorodino  Station! 

U 

8 

12  years  later 

2 

Residence 

2.5 

2 

6  years  later 

3 

Carhouae 

h 

h  -0.7k 

Rise  in  level 

h 

Unheated  building 

h 

h  -1.10 

Rise  in  level 

5 

Power  plant  j 

1.2 

6.7 

2  years  later 

6 

Experimental  frame 

S'  ■ 

. _  . 

i- _ rwaidehiV*  on  1 

i  .  _ - . ‘  . 

timber  piles 

2-r 

1.6 

1  year  later 

■„  7 

Reservoir  at  Hagadachi 
at  Petrovslr-Zu)  taikalski 

h 

h*3 

2  years  later 

8 

Experimental  masonry 

1  "  ■  ••  -7-  -  . 

l 

residence  on  rubble 

foundations  -  j 

2.5 

3.20 

3  years  later 

o 

Heated  depot 

2.5 

10.0 

10  1 

Unheated  depot  1 

2.5 

'2.5 

20  years  later  . 

11,-1 

Passenger  station  I 

2.5 

3.0 

lie  formed  in  8  years 

12  ! 

Passenger  station  ] 

2.5 

.**  , .  -  ‘  i 

Collapsed 

,2.  -Daforoati^n  of  Structures 

-Deformation  of  structures  erected  on  percsnfrGct  is  due  primarily 
to  the  fact  that  the  frozen  layer  thaws,  its  upper  limit  is  lowerod  and, 
consequently^  building  -foundations  become  based,  on  thawed  ground.  The 
latter  is  quite  weak,  and  wet  (often-- comprising  silt  and  slud)  no  it  can¬ 
not  carry  the  foundation  loadf  therefore,  it  settles,  and  cracks  occur 

in  tl«  foundations  and  walla. 

.  ,.-«v  - 

Decreasing  the  unit  load  on  the  foundation  area  doeB  not  pre¬ 
vent  deformation,  slncay  the  frozen  ground  usually  hae  a  high  moisture 
content  and  thawing  is  accompanied  by  considerable  decrease  in  volume 
so,  that  the  ground  would  settle  even  if  it  were  not  subjected  to  the 
weight  of  the  building.  The  uppermost  layer  of  the  permafrost  is  the 
wettest,  and  it  is  also  the  layer  on  which  foundations  usually  rest. 

A  structure  may  settle  even  if  the  permafrost  does  not  thaw;-  this  occurs 
when  the  permafrost  comprises  fine -textured  and  supersaturated  matorial, 
and  if  its  temperature  iB  near  aero  (up  to  -0.5°  C). 

Sandy  ground,  and  particularly  gravel  and  pebbles,  sottlo 
relatively  little  upon  thawing  even  when  they  are  supersaturated j  when 
tholr  moisture  content  is  Iosb  than  30  per  cent  by  weight,  settling  is 
hardly  noticeable  and  does  nbt  constitute  a  hazard  to  structures,  pro¬ 
vided  the  ground  contains  no  ice  lenses.  Melting  of  ice  lenses  or  of 
large  quantities  of  imbedded  Ice  causes  aollapse  of  the  ground;  the  ex¬ 
tent  of  such  caving  increases  with  increasing  ice  content. 

Thermokarst  depressions  resulting  from  melting  of  imbedded 
ice  are  very  large,  Figure  h2  shows  such  a  depression  in  a  temporory 
.r built  on  a  continuous  leg  mat.  This  deformation  occurred  at  the 
end  of  summer,  when  a  railway  cut  was  made  near  the  temporary  road, 
which  created  Conditions  facilitating  the  thawing  of  the  permafrost 
and  the  ice  lenses  near  the  cut, 

0.  I.  Fink  reports  a  unique  case  of  considerable  settling 
<?f  the  ground  due  to  thawing  ef  the  frozen  layer  and -melting  of_  the 
ground  ice,  caused  by  an  apparently  insignificant  circumstance.  The 

occurred  during  ccr'etruotinri  of  n  railroad.  Hear  a  siding,  cattle 
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had  trampled  a  trail  on  a  awanpy  mar  and  had  partially  destroyed  the  surface 
cover  near  the  trail..  During  the  surer, er  the  surface  along  the  trail  settled 
more  than  70  cm.  Tliis  depression  constituted  a  new  runoff  channel,  so  that 
a  nearby  bridge  spanned  a  dry  bed.  Moreover,  the  road  embankment  was  washed 
away  later  during  torrential  rains.  Thus,  a  relatively  insignificant  factor 
caused  serious  complications . 

In  another  instance,  drainage  canals  were  dug  to  dry  an  area 
allocated  for  industrial  development.  This  was  done  without  taking  into 
consideration  the  moisture  content  and  composition  of  the  ground.  Since 
the  ground  was  silty  and  slud-like,  and  it  contained  large  quantities  of 
ice,  intense  thawing  and  aoliflnction  occurred.  The  canals  became  hvige 
washouts  2.5  s  deep  and  u.$  ij  wide,  in  which  a  maB3  of  fluid  ground  was 
moving. 

In  addition  to  the  general  effect  on  the  upper  permafrost  limit 
due  to  erection  of  a  aeries  of  structures  in  a  given  locality,  each  build¬ 
ing  hao  a  separate  effect  on  the  lovel  of  this  limit  near  the  building  or 
beneath  it,  depending  on  the  particular  design  and  function  of  the  build¬ 
ing.  In  tho  case  of  buildings  erected  on  a  continuous  rubble  foundation, 
the  temperature  of  the  ground  beneath  the  entire  construction  area  visually 
rises  and  the  upper  permafrost  limit  3s  correspondingly  lowered.  II.  A. 
Tflytovich  established  this  fact  on  the  basis  of  data  accumulated  during 
three  years  of  observation  of  ground  temperature  beneath  the  experimental 
building  at  the  permafrost  station  of  Petrovsk-Zabalalsk.  This  building 
had  continuous  rubble  foundations  extending  to  a  depth  of  2 . 75  m  and 
penetrating  the  permafrost  layer  to  a  depth  of  0.5  ra.  The  house  Imd  brick 
walls  and  wooden  floors  and  celling.  The  frozen  ground  beneath  this 
building  thawed  to  a  depth  of  about  bn  at  the  south  side,  30  that  part 
of  the  foundation  rested  on  thawed  ground,  as  shown  in  Fig.  L3. 

Heat  is  conducted  to  the  ground  partly  through  the  building 
foundations.  The  walla- are  heated  by  the  sun  in  the  summer  and  by  -  - 
Stoves  and  other  heat  sources  in  the  winter.  The  heat,  from  the  walls 
is  transferred  to  the  foundations  and  causes  thawing  of  the  frozen 
ground  at  the  base,  in  addition;-  in*;  -r.tire  sass  of  the  build  Inc 


absorbs  and  radiates  heat  which  is  partly  transferred  to  the  (ground. 

I.  Sumgin  discovered  that  the  thermal  effect  of  the  rubble  founda¬ 
tions  of  the  aforementioned  experimental  building  on  the  peraafroet 
beneath  the  building  was  negligible  in  comparison  with  the  effect  of 
the  entire  area  beneath  the  structure."  '  ;•  , 

-  _  -  It  is  doubtful'  whether  this  is  entirely  true,  einco  another 

experimental  building,  made  of  wood  and  erected  in  another  region  on 
timber  piles  (rig,  Lh)  extending  2.5  a  into  the  permafrost  layer,  had 
no  negative  effect  on  the  level  of  the  upper  pormofroet  limit.  On 
the  contrary,  a  riso  in  lovol  occurred  in  this  caBO.  It  is  truo  that 
the  second  houBe  was  a  Trams  structure  and  its  air  space  was  open  in 
the  winter,  whilo  the  first  houEe  was  a  masonry  structure  and  its  air 
opaeo  had  to  be  ventilated  in  the  summer  [2,  page  2b9]  . 

Comparison  of  those  two  buildings  is  difficult  because  of 
difference  in  matorial  and  design.  It  is  probable  that  tho  permafrost 
beneath  the  masonry  building^would  not  havo  thawed,  despite  tho  mate¬ 
rial  and  foundation  design  involved,  if  it  had  a  ventilated  air  Bpaee.  . 
On  the  other  hand,  the -permafrost  beneath  the  frame  building  might 
have  thawed  if  this  building,  had  no  ventilated  air  space. 

It  is  known  that  the  ground  beneath  buildings  is  warmed  and 
the  upper  permafrost  limit  is  lowered  even  when  the  building  has  no 
regular  foundations,  such  as  in  tho  case  of  crib  foundations.  Never¬ 
theless,  the  thonnal  effect  of  foundations  on  the  permafrost  should 
not  be  neglected.  This  effect  is  not  negligible,  as  proved  by  tho 
fact  that  permafrost  thaws  beneath  masonry  foundations  of  unheated  a 
structures  and,  in  particular,  beneath  bridge  piers. 

Thawing  of  permafrost  beneath  buildings  is  usually  moat 
extensive  at  tho  south  side]  a  rise  in  permafrost  level  may  occur 
at  the  north  side.  This  is  due  to  the  fact  that  the  south  side  of  a 
structure  is  readily  heated  by  the  sun  and  the  ground  nearby  is  ex¬ 
posed  to  the  sun.  Chi  the  north  side,  however,  the  ground  is  shaded  by 

o  -  •  -  •  • ' 

the  building  and  the  ^un  does  not  heat  the  structure  as  readily. 

.  Figure  IS  shows  a  typical  change  in  the  uppur  permafrost 

limit.  It  is  based  on  data  obtained  by  I.  D.  Belokrylov  and  U.  I.  Sumgln 


The  latter  notes  that  formation  of  thawed  ground, '  in  the  shape  of  a 
bowl  or  trour.H)  beneath  heated  dwellinKt  is  a  phenomenon  rommon  to  perma¬ 
frost  regions  south  of  the  55th  parallel.  As  a  resuxt  of  such  thawing, 
ths  routh  wall  of  a  building  settles  and  cracks  appear  in  itj  the 
building  itself  tilts  in  ths  direction  of  the  settling. 

The  best  known  case  of  deformation  is  that  wlich  occurred  at 
a  certain  railroad  shop  whero  Bottling  ranged  from  10  to  ?>n  cm  and  the 
walls  had  numerous  cracks  and  were  tilted*  South  walls  and  corners 
were  affectod  most.  It  should  be  noted  that  thawing  of  the  pormnfroat 
and  settling  of  the  foundations  occurred,  in  this  case,  even  Loforo 
the  buildings  wore  heated. 

Many  heated  buildings  begin  to  cattle  net  immediately  after 
construction,  but  several  years  afterward.  This  is  due  to  the  follow¬ 
ing  two  factors i  (1)  warming  of  the  ground  is  gradual  and  tlie  effect 
reaches  the  foundation  base  only  ai'tur  a  relatively  large  time  interval; 
(2)  the  particular  design  of  the  building  facilitates  redistribution 
of  the  pressure  on  the  ground  and  resists  the  stresses  occurring  during 
settling.  Thus,  for  example,  a  paesenpor  depot  of  masonry  construction 
on  continuous  foundations  bspan  to  deform  seven  years  after  it  was 
built.  Ibis  structure  was  erected  on  a  sand  and  gravel  base  2.50  m 
wide  and  0.b5  m  thick.  A  concrete  Blab  0,65  m  thick  and  reinforced  by 
otool  rails  was  placed  under  the  entire  foundation.  No  measures  wore 
taken  to  prevent  heat  transfer  into  the  ground.  Moreover,  cesspoolB 
and  a  storage  cellar  wore  dug  beneath  the  building.  Cracks  appeared 
in  the  middle  section  of  the  south  wall  seven  years  after  completion 
of  construction.  No  cracks  could  bo  detected  in  die  remaining  walls 
even  thirteen  yoars  after  construction. 

A  certain  roundhouse  has  not  been  heated  for  five  years  after 
construction  and  showed  no  deformation.  One  year  nftor  heating  instal¬ 
lation,  cracks  occurred  in  the  walltf  ahd  '^rt  dr^tha  _walTs^  had  td  be 
pulled  down.  "  Ihe  same  happened  at  other  depots  whei'e  use  of  hot  water 
for  flushing  locomotives  and  installation  of  heating  resulted  in  de^- 
formation  of  the  structures. 


Evan  unseated  masonry  structures  often  deform.  The  old, 
unheated  dapot  shown  in  hlg.  1*6,  is  a. representative  example  5  the 
south  aide  of  the  building  underwent  catastrophic  settling.  The  na¬ 
ture  and  extant  of  tho  strains  are  readily  seen.  Hie  deformation  was 
due  to  a  change  in  the  natural  temperature  regime  jof  the  ground. 

Th^inta’iel'ty  end  ej^tpnt  of  t^plng^pf  the; frozen  layer  -in¬ 
crease  considerably  if  cesspools  or  warm  cellars  are  excavated  beno.ath 
tho  building,  and  if  water  pipes,  sewage  pipes,  or  boating  mains  pasB 
throuph  tho  foundations.  According  to  Professor  k*.  I.  fevdokimov-Rokotoveky, 
a  building  housincr  a  small  power  station  become  deformed -because  a  shallow 
well  wae  dug  thero  fer  tho  purpose  of  bcolinp  tho  hot  water  from  the  , 

Diopol  engines’.  - 

fhfflerous  difficulties  arise  from  the  fact  that “waste  water  of 
industrial  plants  is  not  piped  away  from  tho  buildings  but  ia  discharged 
on  the  "round  in  the  immediate  vicinity  of  the  buildings.  This  prac¬ 
tice  always  causes  lowering  of  the  permafrost  level  and  cataetrophic 
settling  of  the  foundations.  The  drop  in  permafrost  level  is  particu¬ 
larly  large  in  the  part  of  the  building  where  tho  laat  sources  are 
located.  Thus,  the  walls  of  the  steam  boiler  room  in  n  locomotive 
roundhousa  Settled  HO  cm.  In  one  fish  cannery,  the  ground  beneath  the 
furnace  room  thawed  so  rapidly  that  the  floor  settled  more  than  50  cm 
and  the  walls  were  greatly  deformed.  -  ' 

Deformation  of  bridge  piers  and  buttresses  is  a  fairly  common 
occurrence!  it  is  due  to  settling  resulting  from  lowering  of  tho  upper 
permafrost  limit.  Piers  and  abutments  of  double  track  bridges  undergo 
particularly^largo  defonnation.  Such  deformation  occurs  in  tho  loro  of" 
cracks,  tilting,  and  even  sidewise  displacement  of  the  entire  struc¬ 
ture.  Observations  show  that  the  largest  deformation  occurs  on  the 
south  aide  of  the  supports.  Thawing  of  the  ground  beneath  piers  causes 
aettlinp  and  tilting  of  the  piers. o  Vertical  cracks,  widening  towards 
the  top,  occur  in  the  masonry.  Figure  1*7  shews  the  deformation  of  art 
abutment  of  a  double  track  bridge  with  a  span  of  17  a.  The  deforma¬ 
tion  is  more  pronounced  and  the  cracks  are  more  numerous  and  larger 
on  the  left  side.  Apparently,  thawing  of  the  permafrost  is  more  ex¬ 
tensive  thorc.  .  .....  ..... 


Figure  1*8  shows  the  probable . change  in  the  upper  pormafrost 
limit.  The  depth  of  thawing  must  hcva  been  greater  in  front  of  the 
abutment,  while'  the  upper  permafrost  limit  probably  extended  upward 
into  the  fill  at  the  rear  of  the  abutment.  Under  these  conditions,  th 
abutment  would  not  only  form  cracks,  but  would  also  tend  to  ..slide  to¬ 
ward  the  stream  and  squeeze  the  bridge  girdora  between  tho  encasing 
walls.  Laterally,  thawing  is  moro  extensive  on  the.  south  side  than 
on  the  north  side  and  1b  loast  in  the  middle.  In  the  transverse  sec¬ 
tion  in  front  of  the  abutment,  the  highest  point  of  tho  upper  perma¬ 
frost  limit  occurs  to  the  right  of  the  oxIb  of  symmetry.  Accordingly , 
tho  permafrost  surface  Deneath  the  pier'  constitutes  a  complex  curved 
surface  which  slopes  generally  in  the  direction  of  one  of  the  corners 
of  the  abutment,  while  sloping  gently  in  the  direction  of  the  opposite 
cpmerj  as  a  result,  the  abutment  is  likely  to  tilt  laterally  and  to 
settle,  so  that  large  craokB  would  occur  in  the  masonry  on  tho  south 
side  and  smaller  cracks  on  the  north  side. 

It  is  equally  probable  that  the  abutment  would  shift  in 
the  direction  where  the  thawing  is  most  extensive.  The  horizontal 
presouro  of  tho  fill,  toe  weipht  of  the  train  on  too  rupture  prism, 
and  the  dynamic  effect  of  the  train  load  would  intensify  tho  dis¬ 
placement  of  tho  ontire  abutment  forward  and  laterally.  As  stated 
previously,  deformation  is  particularly  extensive  in  the  case  of 
wide  piers  of  double  track  bridges.  This  is  due  to  the  fact  that 
a  jr^er  of  larger  lateral  dimension  acts  as  a  double-cantilever  beam 
an, d  cannot  withstand  the  relatively  large  stresses.  Under  such  con¬ 
ditions,  therefore,  it  is  advisable  to  use  separate  abutments  for 
each  track. 

D.  Seforaation  of  Structures  ftue  to  Icing  Processes 

Ground  icings  constitute  the  greatest  hazard  to  buildings. 

The  icing  near  a" building  may  form  a  mound  that  would  tilt  the  build¬ 
ing,  bond  it,  or  damage  some  portion  of  it.  Figure  u9  shows  an  icin/j 
mar  a  building  at  a  railway  station,  which  esused  extensive  damage. 
Formation  of  icing  mounds  in  areas  occupied  by  structures  Is  due  to 
high  moisture  content  of  th£  ground  and  the  presence  of  ground  water. 


o  > 


predicted  wit;;  precision.  Icinp  rr.nunds  and  eweiiinga  of  the  ground 
occur  in  different  pjaccs  at  .different, tines,  dear  Urusha,  for  example, 
mounds  formed  1;.  three  different  places.,  during  the  brief  period  betwoen 
1925  and  1 9 JO,  and  they  reached  a  height  of  2  m  within  throe  to  four 

.days.  One  of  those  mhunda  caused  slight  deformation  of  a  warehouse. 

■//  ”  *  -  ^  .  «... 
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A  snroTul  investigation  of  a  r-lVen  locality  usually  can  .de¬ 
termine  whether  .n*ound  icings  are  likoly  to  occur  in  this  area.  On 
the  other  7  ;.,nd,  it  should  bo  noted  that  erection  of  structures  may 
ornate  such  conditions  that  icings  and  icing  mounds  would  form  in  pieces 
where  they  had  not  formed  previously.  This  is  due  to  the  fact  that 
buildings  or  other  structures  Cause  charges  in  the  hydrological  con¬ 
dition  of  the  locality  and  ypo  temperature  regime  of  the  ground..  To. 
avoid  complications,  it  is  evidently  nocosoary  to  pay  particular  at¬ 
tention  to  proper  selection  of  construction  sites ;  areas  whore  icing 
processes  occur  should  be  avoided,  and  whorover  icings  do  not  occur 
it  is  judicious,  to  take  measures  to  prevent  the  occurrence  of  icings 
after  structures  have  boen  erected  in  the  area. ...  ,f  <•  - 

There  are  cases  when  icing  processes  are  manifested  in  other 
ways.  When  frost  caueos  the  active  layer  to  freeze,  tho  flour  of  ground 
water  is  compressed  betweon  the  freezing  upper  ground  layor  and  tho 
underlying  permafrost  or  another  impervious  layer.  The  water,  which  is 
under  increased  pressure  due  to  this  compression,  tends  to  flow  into 
places  that  have  not  yet  beer,  frozen.  In  populated  regions,  such  places 
are  tho  areas  beneath  buildings,  since  the  buildings  themselves  and  the 
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heat  Which  they  radiate  protect  these  areafi'against  freezing';  Hie  water 
accumulates  beneath  the  budding  bursts  through  the  ground  sur¬ 

face  into  tho  space  benooth  the  floorj  a  portion  of  this  water  freezes 
there,  while  tho  remainder  flows  out.  Since  thb  water  is  under  pressure, 
it  breaks  through  tee  thin  ice  crust  on,  tho  .ground  and  continues  to  flow 
into  tho  building.  The  occupants  are  compelled. to  abandon  the  bullying, 
the  ice  gradually' fill e  the  Entire  fiouss  (fig.  50),  and  then  forced  ite 
way  through  Windows  and  doors.  The  flow  of  water  and  its  conversion 
into  i co  are  an  rapid  that  there  is  not  suff itricn-t,  t-te’e  to  remove  dll  7. 


the  furniture.  The  ice  filling  the  house  wtqcIcb  floors  and  ceilings. 

Fi pure  51  shows  a  house  filled  with  icing  ice.  Having  filled  the  en¬ 
tire  structure,  the  water :i flowed  out  through  apertures  in  the  walls 
and  formed  icefalls  which  extended  to  the  surface  of  the  ground  near¬ 
by.  Removal  of  the  building  framework  would  expose  a  huge  mold  of 
ice  (Fig.  £2).  Such  a  pher^E^non-:usualiy~d1:curb  in  haatod'bulldinps, 
since  talik  is  formed  within  the  permafrost  beneath  the  building  duo 
to  the  building  itself  and  its  heat  which  penetrateB  into  the  ground] 
this  facilitates  the  emergence  of  the  icing  water  to  the  ground  surface 
Similar  icing  processes  occur  also  in  unheatod  buildings  under  special 
conditions  and,  particularly,  when  the  ground  water  is  under  high  pres¬ 
sure,  However,  this  phenomenon  is  not  common  in  the  caso  of  unheated 
buildings.^  Usually  the  spaces  beneath  the  floors  of  such  buildings 
are  filled ‘With  water  that  soaps  in  from  the  adjacent  ground  layers. 
This  may  occur  in  either  timber  or  masonry  buildings. 


The  icing  at  8ko7brodino  i8  a  rather  unique  instance  of  an 
icing  resulting  from  erection  of  structures.  This  large  icing,  which 
flooded  and  deformed  a  number  of  buildings,  formed  In  193U  as  a  result 
of  seepage  of  pond  water  through  a  dam  and  along  its  thawed  base  [6]  . 
The  icing  began  to  form  on  February  l+.  After  six  days  it  had  formed 
an  ice  field  1  m  thick  and  covered  an  area  of  tens  of  thousands  of 
square  meters.  Figure  53  shows  a  frame  building  which  was  nearly 
completely  flooded  by  tldB  icing.  A  sudden  rise  in  temperature 
stepped  the  growth  of  this  icing.  p. .  _ 

Deformation  of  railway  and  highway  structures  duo  to. icings 
is. more  common  than  that  of  buildings.  V.  C.  Petrov  {?]  has  made  a 
detailed  study  of  the  effect  of  icings  on  road  structures.  However, 
only  the  most  essential  information  will  bo  presented  here. 


Bridges  and  culverts  comprise  the  railway  structures  which 
are  usually  damaged  by  icings.  Icings  are  not  common  in  tho  southorn 
regions  of  permafrost  whero  Eost  rail^y  lines  arc  located.  But  as 
railroad  constriction  is  undertaken  in  the  northern  regions,  many  com¬ 


plications  might  arise  due  to  icings -if  po  advance  provisions  are  made 
and  corresponding  measures  taken  to  prevent  their  destructive  effects. 


In  the  southern  region  of  permafrost,  spring  or  river  icings 
fill  culverts  under  embankments  and  clog  the  openings  ’underneath  small 
bridges.  The  resulting  deformation  comprises  breakage  of  and  damage 
to  protruding  parts  of  struts,  girders,  etc.  Explosion  of  a  river 
icing  mound  can  cause  considerable-  damage  to  a  bridge.  .  The  v/gter  emerging 
from  an  exploded  icing  mound  usually  carries  slabs  of  in©  weighing  tens 
of  tons  and  can  readily  destroy  any  structure  in  its  path'.  Er.plft&inn  of 
.. icing. mounds  in  a  given  region  occurs  approximately  at  the  some  time 
each  year.  L'ost  explosions  along  the  roads  in  Yakutia  occur  at  the 
end  of  February  or  the  beginning  of  Uarch. 


According  to  V.  G.  Petrov,  an  icing  mound  at- the  Onon  River 
exploded  and  scattered  slabs  of  ice  weighing  nearly  20 5  tons  each. 

Figure  6  shows  a  relatively  small  slab  of  ice  from  this  mound,  weighing 
38  tons.  Icings  on  roads  in  this  area  are  quite  common.  There  wore 
122  icings,  of  which  i*U  were  very  large,  formed  along  a  stretch  of  a 
728  km";  They  comprised  55  per  cent  river  Icings  and  1*5  par  cent  ground 
icings,  although  many  were  of  Joint  origin.  The  occurrence  of  such  e 
largo  number  of  icings  near  the  road  was  due  to  the  roadbed  itself." 
Construction  of  the  road  created  conditions  facilitating  deeper  firming 
of  the  ground  near  the  road,  which  bxooked  the  flow  of  ground  water. 


River  icings  have  a  destructive  effect  upon  bridges  and  often 
put  them  completely  out  of  ebsmisaion.  ,  In  many  Cases  icings  overflow 
the  roads,  slowing  traffic  and  making  it  hasardoua.  Traffic  in  such 
places  is  quite  hazardous  ovan  in  broad  daylight  because  of  tho  large 
areas  covered  by  the  icing  water,  tho  high  icing  mounds  with  deep 
crevasses  up  to  50  cm  in  width,  and  the  constantly  changing  surface 
level  of  tho  icing  (changes  occur  every  few  minutes).  Traffic  ceases 
completely  at  night,  since  there  is  danger  of  falling  into  a  crovasse, 
immersion  in  the  water  at  an  air  teaporaturc  of  -30°  C  to  -4i0°  C,  or 
negotiating  a  steep  ice  slope.  Therefore,  detours  arc  nocossaiyf 

The  following  brief  description  of  icings  along  an  ordinary 
road,  observed  by  V.  G.  Petrov,  illustrates  the  extent- of  river  icings." 
One  of  the  largest  icings  along  the  l'oad  covered  an  area  of  }Cf2£Q  sq  a 
and  extended  2?5  n  along  the  road.  The  ice  reached  a  thickness  of  2  b. 


There  ware  six  mounds,  cf  which  the  largest  was  «  m  nigh  and  6p  rc  in 
.  diameter.  Permafrost  occurred,  at  a  depth  of  60  cm  alor.r  the  river  bod 
and  at  a  depth  of  15  b  cm  alona  the  valley  side.  Another  river  icing 
covered  an  area  of  36,675  sq  ra  and  extended  2qp  m  along  the  road.  The 
thickness  of  the  ice  ranged  from  1  to  2  m.  There  wero  two  noundo,  of 
which  the  larger  whs  i*.  ra  high,  30  m  wide,  and  60  m  lonpv  IVrmafrost 
occurred  at  a  depth  of  60  cm. 

Figure  5u  shows  arj  id  nr  formed  near  a  bridge  aldhg  a  road, 
This  icing,  cf  spring  origin,  reached  the  roadbed  and  spread- along  it 
a  distance  216  m,  and  formed  a  mound  near  the  bridpe.  A  longitudinal 
fissure  traversed  the  summit  of  the  mound.  The  icing  covered  an  are« 
of  12,800  sq  r.:.  The  Sickness  of  the  ice  ranged  from  0.5 "to  1.0  m. 

The  mound  was  115  m  long,  65  m  wide,  and  h  n  hiph.  The  was 

deformed,  and  the  girders  and  cross-beams  were- displaced  and  partially 
broken.-  " 

Several  small  bridges  alonp  this  roadhsrorc  completely  engulfed 
and  covered  by  the  iclnp  ice.  In  other  cases,  the  crib  piers  wore 
raised  50  to  60  cm  and  the  bridpe  spans  were  chiftod  ar.a  deformed.  Ex¬ 
plosion  of  an  icing  mound  may  result  in  complete  destruction  of  a  bridge, 
as  the  crib  piers  are  shifted  and  wrecked  while  the  piles  become  sheared 
at  ground  level,  treasures  against  icings  are  complicated  because  numer¬ 
ous  river  and  spring  icings  continue  to  grow  oil  winter  without  inter¬ 
ruption  oven  for  a  single  day.  Artificial  removal  of  the  ice  i9  in¬ 
adequate  because  its  growth  is  very  rapid.  In  surveying  toad  routes, 
thorelore,  it  is  advisable  to  avoid  places  where  icings  are  prevalent. 

It  should  be  noted,  however,  that  after  construction  of  a 
road  or  other  structures  has  been  completed,  icings  may  form  in  places 
where  they  had  not  existod  previously.  This  happenod  on  the  Amur-Yakutsk 
Road  where,  according  to  Petrov,  SO  per  cent  of  the  icings  resulted 
from  the  road  building.  Construction  of  bridges,  culverts,  fills,  and 
cuts  may  readily,  create  conditions  facilitating  the  occurrence  of  icings, 
Since  such  "construction  causes  either  freezing  or  a  change  in,  tho  flow 
direction  of  the"  ground  water. 


Underground  structures,  such  aB  tunnels,  require  particular 
attention  because  ice  tends  to  fiirm  in  the  tunnels  due  to  seepage  of 
water  under  pressure  into  scans  and  fissures  of  the  facing.  Figure  ?5 
shows  a  t.urnoi  in. which  ice. formed  early. in  the  wintor .  Practically; 
no  water  -  was .anccun ter ad'  (during  excavation  operations,  but  when  the 
prdurjd'began  to 'freeze  in  the  fall,  pressure  caused  the  water  to  aeop 
through  the  facing  and  to  form  stalactites  and  stalagmites  upon  freezing. 
The  facing  was  partially  damaged.  Proper  insulation  of  the  facing' iu.d 
provisions  for  adequate  drainage  behind  tlte  "walls  along  the  entire 
tunnel  could  have  prevented  the  damage.'  In  some  cases  tunnel  icings 
mode  it  necessary  to  build  gates  at  the  tunnel  entrances  and  to  heat 
the  tunnels  during  the  winter.  This  arrangement  facilitated  removal 
of  the  water  inside  the  tunnel  by  maanB  of  troughs  extending  along 
the  tunnel.  To  avoid  formation  of  icings  atwtta.  entrances  whero  the 
troughs  discharged  the  water,  it  was  necessary  either  to  heat  the 
troughs  or  to  pump  and  collect  the  water  in  special  wells,  or  even  to 
heat  the  water. 

E.  Deformation  of  Earth  Structures 

.  !bj!’ 

1*  Oeneral  Considerations 

The  basic  types  of  earth  structures  are  fills  and  cut#  in  « 
roads  or  ir.  various  other  structures.  Deformation  of  fills  usually  ^ 
occurs  in  the  lonn  of  extensive  settling,  croop,  and  sliding  of  part 
of  the  material  forming  the  fill.  Small  fills  aro  subject  to  swolling. 

In  addition,  fills  aro  deforaod  by  icings.  Cuts  are  subject  to  caving 
and  settling,  while  thalr  walls  often  slide  and  creep  and  the  bod  be¬ 
comes  relatively  fluid.  Icings  frequently  disturb  the  normal  state  of 
cuts.  However,  swelling  is  the  most  common  phenomenon  and,  consequently, 

constitutes  tho  most  important  factor  in  the  case  of^r'oads.  All  those 
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form.*;  or  deformation  aro  due  primarily  to  the  fact  that  construction 
operations  have  disturbed  the  natural  temperature  regime  of  the  ground. 
The  magnitude  of  the  deformation  depends  on  the  sjplsture  content  and 
the  composition  of  the  ground  in  the  aarth  structure  or  beneath  it. 


2 i  Deformation  of  Fills 

The  major  cause  cf  settling  of  fills  overlying  the  permafrost 
is  the  tliawing  of  the  permafrost,  that  is  the  lowering  of  the  upper 
permafrost  limit  boneath  the  fill  and  in  its  immediate  vicinity.  It 
seems  reasonable  to  presume  that  if  ir.  a  pivan  area  tlie'  pennafrcst 
occurs  at  a  certain  depth,  deposition  of  a _ new  layer  on  the  pro und  sur¬ 
face  would  not  only  facilitate  conservation  of  the  permafrost,  but 
would  also  tend  to  raise  the  upper  pomafrost  limit.  In  actuality 
this  is  definitely  not  the  case.  Fills  often  csubo  lowering  of  the 
uppar  permafrost  limit;  tho  roason  is  as  follows.  Fills  are  usually 
made  in  the  summer  or,  which  is  still  Worse,  in  the  fall  on  thawed 
ground  warmed  by  the  air  and  sun.  Tho  fill  material,  which  has  a 
relatively  high  temperature  and  is  deposited  in  relatively  thin 
layers,  is  further  heated  by  ifteujun.  Aa  a  result,  tho  temperature 
of  the  fill  is  much  highor  than  the  natural  tomporaturo  of  the 
ground  underneath.  Such  a  warm  tnaBS  of  material, , not  only  provonts 
the  underlying  natural  ground  from  cooling  at  night,  which  occurs 
in  most  permafrost  regions  due  to  tha  considerable  difference  be¬ 
tween  daytime  and  nighttime  temperatures,  but  continues  to  trans¬ 
fer  its  heat  to  the  underlying  ground  durinr  the  night.  Fills  ex¬ 
ceeding  $  m  in  heipht  usually  do  not  fx-ooze  durinr  this  first  year 
and  contain  a  thawed  core  with  H  relatively  high  temperature. 

0.  I.  Fink  cites  j$e  example  of  an  earth  dam  in  which  tho 
temperature  durinr  tho  first  year,  before  water  was  admitted  into  the 
reservoir,  was  ♦1U°  C  during.  January  and  February.  At  the  tdp  tho 
dam  frozo  to  a  depth  of  u  m,  while  at  tae  ridos  it  frozo  to  a  depth 
of  3  to  3«5  a.  By  springtime  tho  temperature  in  the  core  dropped  to 
♦5°  C,  but  even  at  the  beginning  of  June  the  temperature  of  the  lower 
layers  still  was  higher  than  that  cf  the  upper  layers'. 

The  heat  accumulated  in  the  bulk  of  the  high  fill  during  the 
first  year  after  construction  evidently  facilitates  thawing  of  tho 
permafrost  and  settling  of  the  ground  under  the  weight  of  the  fill. 
Subsequently,  after  the  fill  has  deformed  and  the  wars  core  has  cooled, 
ft'4S  qUito  passible  that  fus  permafrost  limit  may  resume  its 


original  position  and  may  oven  rise  into  tho  fill  itself. 

As  stated  previously,  thawed  permafrost  usually  has  very  low 
bearing  capacity}  hence,  settling  of  a  fill  Is  a  rational  phenomenon. 

The  magnitude  .of  such  settling  comprises  the  following  three  components » 
(1)  ordinary  settling' of  the  fill  material,  (2)  decrease  in 
'to  conversion  of  ice  into  water,  and  (3)  decrease  £n  volume  of  the  {hawed 
layer  due  to  compaction  of  the  ground  under  the  superimposed  weight, 
accompanied  ly  loss  of  ground  water  through  squeezing  process*1/'  -1  « 


Ordinary  settling  of  loose  fill  material  is  small,  relatively 
uniform,  and  is  compensated  for  by  a  corresponding  increase  in  the  orig¬ 
inal  volume  of  the  fill.  The  decrease,  in  water  volume  due  to  conversion 
of  ice  into  water  is  of  considerable  importance  because  permafrost  is  i' 
suitfjrsaturated''  and  contains  25  to  $0  per  cant  water  by  weight  {the  average 
ie  30  to  1*0  par  cent).  Accordingly,  the  average  moisture  contend  is 
i»00  to  500  liters  por  cu- m  of  ground,  so  that  conversion  of  the  ice 
into  water  may  decrease ‘  the  volume  of  the  ground  by  1*  to  5  per  cent 
with  respect  to  the  thickness  of  the  thawed  ground.  The  decrease  in 
volume  of  the  ground  due  to  compaction  of  the  thawed  layer  and  the 
loss  of  water  may  amount  tO-^27  per  cant  of  the  thickness  of  the  thawed 
layer,  and  may  average  12  to  15  per  cent. 


Accordingly,  total  settling  may  roach  30  to  32  par  cent  of 
the  thickness  of  the  thawed  layer,  that  is,  the  settling  may  range 
from  30  to  6o  cm  when  the  thawed  permafrost  layer  is  only  1  to  2  m  " 
thick.  Such  extensive  end,  moreover,  nonuniform  settling  tends  to 
di-lurb  the  equilibrium  of  the  fill.  Nommiforuity  of  settling  ie  due 
to  nonuniform  thawing  of  tiie  permafrost  and  heterogeneity  of  the ground 
with  respect  to  composition,  quality,  and  moisture  content.  The  south 
side  of  the  fill  usually  settles  more  then  the  north  side  because  thaw- 
inr'of  the  permafrost  is  more  intense  at,  the  south  side. 


Figure  1'6  shows  the  probable  change  in  tho  upper  permafrost 
limit  beneath  a  high  fill.  The  fact  that  the  surface  of  the  pertia-* 

’frost  tends  to  slopereonstitutes  a  hazard  to  a  structure  because,  id 
jtoklxtiflB  to  settling,  thtp  may  cause  sliding  cl"  the  fill  along  the 
sloping,  wet,  and  Slippery  surface  of  the  permafrost. 


Melting  of  imbedded  ice  in  the  "ground  beneath  the -fill  con¬ 
stitutes  another  cause  of  large  settling  accompanied  by  creep  and 
slidinr.  This  is  most  likely  to  occur  in  the  case  of  fills  up  to  2  n 
in  height,  but  it  may  occur  also  in  the' case  of  high  fills.  Melting 
of  this  Ice  is  due  primarily  to  the  disturbed  natural  regime  of  the 
locality.  Melting  of  ice  lenses  in  areas  undor  construction  is  often 
due  to  removal  of  moss  and  peat  covers,  establishment  of  supply  dumps, 
and  excavation  of  drainage  ditches.  Melting  subsequently  becomes 
mors  extensive,  since  the  heat  of  the  water  from  the  thavied  ground 
and  the  melted  ice  lenses  affects  other  leneea  and  portions  of  the 
ice  layer  exposed  at  a  given  place. 


A  fill  overlying  a  fairly  deep  ice  lens  will  not  deform 
if  the  following  conditions  prevail i  if  the  fill  is  made  in  much 
,8  way  that  it  does  not  constitute  a  large  source  of  heat,  if  the  sur¬ 
face  cover  is  not  destroyed  and  Bupply  dumps  aro  not  established  near 
the  lens  or  the  ice  layer,  and  if  the  drainage  ditches  are  located 
not  less  than  20  m  from  the  foot  of  thB  fill.  In  addition,  in  nrdor 
to  avoid  accumulation  of  viator,  it  is  nocecaary  to  grade  tho  natural 
surface  in  a  proper  way  arid  to  build  berms.  Figure  Li2  illustrates 
tho  extent  of  possible  settling. 


Engineer  S.  V.  Kcvanko  reports  an  instance  of  a  washout 
2  m  deep  athd  5  to  10  m  wide  that  occurred  after  spring  rainfall  on 
a  site  intended  for  a  road  fill,  This  washout  was  due  to  a  ditch 
which  discharged  water  from  a  hollow  formed  by  removal  of  tho  mosB 
cover.  Inspection  of  the  place  revealed  that  frozen  quicksand  con¬ 
taining  wedges  of  pure  ice  occurred  at  a  depth  of  about  1  re  beneath, 
tho  pent  layer.  In  spite  of  the  fact  that  subsequently  the  washout  . 
was  lined  with  peat  and  special  clay  dikes  were  built,  a  new  and  larger 
washout  occurred  during  the  summer. 

The  following  fact  demonstrates  how  frequently  imbedded  ico 
is  encountered  during  construction  of  earth  structures.  Engineer 
E.  I.  Sukhodolsky  reports  that  ice  was  found  in  20  out  of  a  total  of 
270  test  holes  reads  on  a  road  section  Ii5  ktc  lonr.  He  is  of  tho  opin- 
i or.  that  those  figures  do  not  reprAaer.t  lhe  actual  occurrence  of 
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imfceddad  ice  because  the  test  holes  were  not  uniformly  distributed  along 
-  the  entire  road,  but  mere  concentrated  primarily  near  cuts,  depot  sites* 
and  bridge  crossings. 

In  soir.o  cases,  fills  are  subjected  to  creep  and  sliding  bo- 
:i  cause  the  permafrost  beneath’ the  fill  thaws,  less  than  at  both  ende 
(Fig.  57 ) .  Such  thawing  is  due  to  destruction  of  surface  cover  at  both 
sides  of  the  fill  as  wolT  as  the  existence  of  drainage  ditcheB  and  ma-^ 
torial  dumps.  These  factors  facilitate  deeper  and  more  rapid  thawing 
of  the  permafrost  outside  the  fill  than  directly  beneath  the  fill, 

.  particularly  if  the  fill  has  been  built  during  the  spring.  Small  fills 
on  the  western  section  of  the  Amur  Road,  where  the  ground  was  saturated 
with  ice,  settled  as  much  as  75  cm  due  to  these  factors. 

According  to  V.  V,  Blenevsky,  data  obtained  during  road  con¬ 
struction  in  the  Fax  BaBt  prove  that  in  Borne  cases  of  hit*  fills  the 
upper  permafrost  limit  may  riBe  to  such  an  e*tent  that  it  penetrates 
into  the  fill;  This  has  bean  confirmed  to  some  extent  by  Afanasiov. 

The  Turgutui  fill  verifies  the  faot  that  seasonal  freezing- can  form 
within  the  body  of  the  fill.  Figure  58  illustrates  tho  manner  (in  the 
form  .of  a  hump)  in  which  the  permafrost  rises  within  the  fill. 

Formation  of  froBt  mounds  within  fills  is  possible  if  the 
flllE  ere  2,5  to  3-0  m  high  and  consist  of  poorly  draining  material. 

It  should  be  noted  that  the  rise  in  permafrost  level  may  occur  not 
immediately  after  construction  of  the  fill,  but  several  years  later. 

The  lroet  mound  is  usually  displaced  northward  because  the  south  side 
of  the  fill  is  warmed  by  tho  stafc more  than  the  north  side.  If  tho 
ground  at  the  upper  permafrost  limit  is  supersaturated,  tho  Bioping 
surfaces  of  the  frost  mound  within  the  fill  may  cause  sliding  of  the 
upper  thawed  pbrtion  of  the  fill.  .  -  . 

Railway  embankments  tend  to  slide  when  they  are  5  m  high  or 
more.  If  the  fill  is  lower,  the  frost  mound  will  hardly  rise  more 
than  1  to  2  m,  so  that  the  resistance  of  the  berm  and  the  thawed  pbr-  „ 
tion  of  the  slope „ls  sufficient  to  prevent  deformation.  For  this 
reason,  small  embankments  deform  rarely  and  only  under  conditions  „ 
fharacterizinr  the  deformation  shown  in  Fig.  57.  -  ■ 


In  the  case  of  embankments  built  entirely  of -well-draining 
material  or  containing  such  material  at  the  base,  the  moisture  con-r, 
tent  is  low,  inflow  of  water  from  beneath  does  not  occur,  and  de¬ 
formation  is  practically -improbable  even  when  the  rise  in  permafrost 
level  is  considerable.  , 

According  to  0.  A.  Nizovkin,  a  mass  of  frozen  ground  formed 
above  and  around  a  stone  culvert  in  a  fill  3??  n  high.,  He  found  a 
similar  mass  of  frozen  ground  above  a  stone  culvert  in  a  fill  or  the 
Tomsk  Road.  Such  a  phenomenon,  of  course,  may  also  result  in  deforma¬ 
tion  of  the  type  described  previously* 

Deformation ' of  fills  often  occurs  due  to  seepage  of  water 
from  beneath  (Fir.  5$).  This  occurs  when  the  fills  arc  built  on  mari 
or  in  places  where  wetting  is  likely.  Water  riseB  into  the  base  of 
•the  fill  by  capillary  action)  as  the  base  becomes  wet,  it  cannot  sup¬ 
port  the  superimposed  weight  and  it  spreads.  Accordingiy,  when  the 
active  layer  freezes  in  the  fall,  the  water  occasionally  tends  to 
flow  toward  the  base  of  the  fill  whero  the  ground  has  not  yet  frozen) 
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having  saturated  the  bottom  of  the  fill,,  the  wator  flows  out  on  the 
slopes  and  forma  small  icings.  These  icings  constitute  no  direct 
hazard,  except  that  they  supersaturate  the  lowor  portion  of  the  fill 
in  tho  spring,  which  may  result  in  deformation  of  the  fill.  Such 
deformation  does  not  occur  if  the  lower  portion  of  the  fill  consists 
of  well -draining  material. 

Swellinp  is  a  special  type  of  fill  deformation  which,  although 
small,  is  quite  annoying  and  harmful.  Swelling  usually  occurs  in  small 
fills  (less  than  2  m  high)  of  earth  material  and  is  most  extensive  on  ' 
mari  and  in  tundra,  where  it  interferes  with  normal  functioning  of  the 
road.  Sukhodolsky  made  a  study  of  low  road  fills  and  found  that,  in 
addition  to  the  known  causes  of 'swelling,  seasonal  migration  of  water 
within  tho  fill  occurs  during  annual  freezing  of  fills  composed  of 
earth  material.  This  water  tends  to  move  toward  the  source  of “the 
cold  and  usually  accumulates  near  the  layer  underlying  the  ballast, 
so  that  further  freezing  of  the  body  of  tho  fill  results  in  cortsider- 
able  deformation  due  to  swelling.  \  ,  ,  . 


_  In  areas  where  icings  tend  to  form,  low  fills  are  flooded  with 

freezing  water  from  the  icings.  It  is  difficult  to  remove  the  ice  forming 
on  the  roadbed  because  new  layers  of  Ice  form  so  rapidly  that  removal  is 
not  feasible.  ..  Icings  render  highways  impassable  during  the  winter  and 
necessitate  detours  over  the  frozen  earth.  Maintenance  of  traffic, 
railroads  necessitates  persistent  and  hard  labor  of  dally  removal .of  the 
ice.'1  '  •-  -  -  .  ,•  v  • 

Figure  60  shows  a  aground  icing  covering  a  highway  in  Yakutia* 
Comparison  between  the"beight  of  the  telegraph  pole  and  that  of  the 
person  standing  near  it  shows  that  the  pole  is  imbedded  in  ice  to  a 
depth  equal  to  about  half  its  height,  or  3  to  U  m.  The. icing  extends 
a  distance  of  ;390  m  along  the  jpoad,.  and  a  horse-and-wagon  requires  an 
hour  to  cover  this  distance  [7]  •  It  Bhould  be  noted  that  deformation 
of  a  fill  made  of  well-draining  material,  is  least  frequent.  In  con*-  " 
trash,  nils  made  of  fine -textured,  material  are  subject  to  frequent  and 
intense  deformation.  The  stability  of  fills  depends  not  only  on  the 
fill  material,  but  also  on  the  nature  and  particularly  moisture  content 
of  tho  base,  that  is,  the  ground  on  which  the  fill  ie-ecnstructed. 

Earth  structures  located  on  mari,  where  the  proqnd,  is  extremely  wet,  are 
aubjoct  to  most  intones  deformation. 

The  preceding  established  the  fact  that  deformation  of  fills 
depends  on  their  height  and  the  material  involved.  Fills  exceeding  £  m 
in  height  are  more  likely  to  deform  than  fills  2  to  5  ®  io  height.  Fills 
made  of  rock  and  coarse  material  drain  well,  so  that  they  do  not  become 
saturated  with  water,  do  not  swell,  do  not  slide,  and  do  not  disintegrate 
during  sottlir.g. 

Earth  dams  constructed  in  permafrost  regions  deserve  particu¬ 
lar  attention.  Experience  gained  in  construction  of  earth  dams  for 
water  supply  or  other  purposes  revealed  the  following »  (1)  construc¬ 

tion  of  such  darts  is  extremely  difficult  because  of  the  regime  of  the 
rivers  involved;  (2)  it  is  extremely  difficult  to  obtain  impervious 
and  stable  foundations  under  permafrost  conditions j  (3)  a  large  rose r*~ 
voir  i 8  not  reliable  as  an  artificial  source  of  water  supply  because 

'  -  y  •  - 

the  high  heat  content  of  the  largo  volume  of  .water  (this  content.  is.  / 


high . even  at  a  relatively  low  temperature  due  to  the  extremely  high 
specific  heat)  as  well  as  the  heat  accumulated  within  the  dan  during 
construction  cause  deep  thawing  of  the  surrounding  permafrost  and  of 
the  foundation  beneath  the  dam,  which  ro suits  in  deformation  and  tail- 
ure  of  the  did;-,  itself.  Even  in  tho  case  of  Lodrpck,  it  is  extremely 
difficult  to  runder  the  foundation  impermeable  by  .  orcin,1  mortar  into 
tho  cracks  because  the  temperature  of  the  ground  is  too  low  to  facil¬ 
itate  hnrdoninr  and  setting  of  the  mortal1. 

The  permafrost  benoatli  a  rocervoir  at  a  railroad  depot 
receded  3  m  in  the  cource  of  two  years,  while  seepage  through  tho 
bed  was  so  intensive  that  the  entire  volume  of  water  night  have  boor, 
lost  if  extraordinary  measures  had  not  been  taken.  A  larrc  drop  in 
permafrost  level  occurred  in  another  rerion  within  six  months  alter 
construction  oiv  the  dam.  Extensive  seepage  throufth  the  thawed  layer 
occurrod  despite  the  installation  of  a  barrier  6f  fino-texturud 
material. 

3-  Deformation  of  Cuts 


Deformation  of  cuts  comprises  primarily  creep  and  sliding 
of  the  walls.  Such  deformation  may  continue  for  years.  The  largost 
deformation  usually  occurs  in  cuts  made  in  tho  permafrost  layer  (Fig.  6.1  ) 
In  this  case,  ~tho  upper  permafrost  limit  recedes  downward  and  dscumes 
approximately  the  position  shown  in  the  diarrara.  Even  if  the  perma¬ 
frost  does  not  consist  of  loam  and  silt,  it  usually"  is  supersaturated, 
and  its  angle  of  repose  usually  is  vary  small.  Thoroforo,  tho  side- 
walls  of  the  cut,  located  on  a  sloping  and  extremely  wet  permafrost 
surface,  tend  to  slide  toward  tho  bottom  of  the  cut.  If  tho  cut.  is 
made  tluou-1,  loamy  or  silty  grnund,  the  resulting  elides  aro  still 
larger  because  the  bottom  of  tho  cut  also  thaws,  becomes  fluid  and 
completely  loses  its  capacity  to  support  the  sidewalls.  Figure  62 
shows  the  sliding  sidewalls  of  a  railroad  cut  in  permafrost. 


The  classic  example  of  sidewall  sliding  in  a  railroad  cut 
is  the  case  in  which  deformation  lasted  forty-five  years  anu  was 
stopped  only  recently  after  installation  Of  slag  cushions  designed 
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deformation  and  -of  the’  factor  s-'involved  was  compiled  by  K.  V.  Pustovalov. 
The  Cut  was  made  in  a  sandy  loan  and  loamy  sand  detritus  of  diluvial  and 
alluvial  origin.  It  became  clear  during  construction  that  the  cut  was 
passing  through  permafrost  which  would  become  completely  fluid  when  thawed 
After,  the  permafrost  had  thawed,  the  bottom  of  the  cut  became  a  quagmire 
in  which  rails,  ties,  and  even  locomotives  were  sunk.  It  was  very, dif¬ 
ficult  to  keep  this  cut  open  to  traffic  ever  since  its  coneti uvtion  in 
1900.  Both  sidowalls  would  slide  at  the  beginning  of  every  summer.  The 
slope  facing  south  caused  mono  trouble  during  the  first  years  than  the 
opposite  slope.  Gradually  its  sliding  diminished  and  ceased  entirely 
in  1933-  Sliding  of  the  opposite  sidewall  continued  until  1939-  The 
following  figures  are  indicative  of  the  magnitude  of  the  deformation 
involved.  During  the  period  from  1922  "to  1932,  tho  volume  of  material 
carted  away  frcra  the  cut  amounted  to  22,850  cu  m.  while  the  material  that 
moved  from  the  southern  slope  during  the  rummer  c  193'3  was  5500  to  6000 
cu  m. 

Various  measures  were  token  to  prevent  sliding.  In  order  to 
prevent  tho  tracks  from  sinking  into  the  relatively  fluid  ground  at 
the  bottom  of  tho  cut,  the  rails  were  laid  on  a  cribwork  ofLtlee. 

Each  summer  the  sidewalls  of  toe  cut  were  trimnoi  and  their-  slope  =  ~ 
was  made  shallower,  while- deep Stoho  drains  were  installed  In  them. 

Deep  concrete  and  stone  ditches  were  inetalled  alrng  the  shoulders  of 
the  roadbed.  These  expensive  measures  to  stabilize  the  sidewalls  of 
the  cut  had  no  noticeable  effect.  The  stone  drains  slid  together  with 
the  sidewalls}  at  present  there  is  nothing  left  of  them  but  deep  wash¬ 
outs  in  the  sidewalls  of  the  cut.  The  stone  and  concrete  ditches  were 
crushed  and  deformed.  In  spite  of  everything,  the  slides  recurred 
annually  and  frequently  caused  interruption  in  traffic.  Sliding  usually 
occurred  at  tho  end  of  toy  or  toe  beginning  of  June,  when  thawing  reached 
a  depth  of  0.9  to  1.2  m.  This  coincided  with  the  time  of  the  first 
sprint  raina  which  further  facilitated  sliding.  The  fact  that  1,200,000 
rubles  were  allocated  to  improve  the  conditions  in  the  cut  is  indica¬ 
tive  of  the  difficulty  and  expense  involved-in  controlling-such  deforma¬ 
tion  in  the  case  of  unsuitable  ground. 


In  the  case  ol'  fir.e-*iextured  ground,  the  sidewalls  of  cuts  ‘ 
"ofleh  continue  to  slide  even  at  slopes  of.  1:3  or  l:i*.  -  Imbedded  ice 
at  shallow  depth  in  the  bottom  or  sidewalls  of  a  cut  also  causes 
creep,  cavings,  slides,  and  fluidity  of  tie  ground  at  the  bottom. 

'  Figure  63  6hows  a  railroad  cut  filled  with  mud  as  a  result 
of  melting  of  imbedded  ice.  Thu  ice  in  this  cut  occurred  2  m  beneath, 
tiie  surface.  It  began  to  melt  immediately  after  excavation  started, 
arid  considerable  sliding  of  the  sidewalls  occurred.  Water  accumulated 
in  tho.cut.  Ground  was  silty  and  supersaturated. 

Durina  construction  of  a  certain  section  of  this  road,  a  cut 
was  made  in  ground  containing  much  ice.  The  result  was  that  the  bottom 
of  the  cut  became  quite  fluid  and  the  walls  began  to  slide.  According 
to  engineer  S.  V.  Kovanko,  the  trains  could  not  pass  through  this  cufc_ 
even  «ftor  seven  layers  of  ties  had  been  laid  and  Sunk  because  the 
locomotive  tended  to  sink  somewhat  and  pushod  a  novo  of  fluid  ground 
ahead  of  itself,  which  raised  the  track.  Thus,  tho  locomotive  always 
moved  uphill  and  depressed  tho  track  beneath  it.  1-umping  and  drainage 
installations  wore  not' effective.  It  wao  nocossdry  to  reroute  tho 
line.  The  lino  was  laid  on  the  downhill  bank  of  thu  cut.  This  provod 
satisfactory  and  the  tracks  were  left  thero,  while  tho  muddy  and  im-" 
passable  cut  was  abandoned.  Today  this  cut  functions  as  a  large  ditch. 

Considerable  caving  at  the  bottom  of  cuts  occurred  near  the 
Tynda  River, 

The  preceding  proves  that  deformation  of  cuts  is  duo  primarily 
to  high  moisture  content  oi  the  permafrost  involved,  the  occurrence  of 
imbedded  ice,  and  the  fact  that  the  ground  consists  of  fine-textured 
material  which  changes  into  slud  whBn  thawed.  Ordinarily  the  slud  has 
no  bearing  capacity,  and  both  people  and  vchicler_di;^^liii'u;tnr^‘ih;;>''v::!?2:'i' 
addition,  ground  of  this  type  lias  a  small  angle  of  repose. 

Occasionally  frozen  clay  loam  or  sandy  loam  thn»3  undor  the 
dynamic  effect  of  motion  of  people  and  vehicles,  becomes  plastic,  tacky, 
and  sticky.  Traffic  becomes  impossible  in  such  a  case  because  motion 
causes,  the  entire;  bottom  .of  the.  cut  .to  oscillate, . ..  _ •  ... 
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With  regard  to  swelling  in  cuts,  it  is  obvious  that  it  can 
readily  occur  under  such  conditions,  it. a  types  of  ground  mentioned 
above  aro  supersaturated  and  swell  readily.  Swelling  in  cute  is  exton- 
sive  and  it  is  feasible -but  difficult  to  control  it.  Swelling  has  been 
avoided  in  many  cases  by  removing  if  layer  2  to  3  m  thick “from  the  bottom 
of  the  cut,  replacing  it  with  well -draining  material,  anu  installing 
adequate  drainage.  Unfortunately,  deep  drainage  ditchQB,  usually  in  tiie 
form  of  wooden  chutes,  are  subjeot  to  large  deformation  and  do  not  always 
function  propoiiy,  so  that  the  bottom  of  the  cut  continues  to  heave. 

Icings  frequently  occur  in  cuts  and  cause  numerous  complica¬ 
tions.  They  form,  icofalls  which  tend  to  fill  the  cut.  Control  of  icings 
is  difficult,., particularly  because  it  cannot  be  predicted  whether  they 

it  „ 

~  ~\~i' would figure. ./>)<  shows  an  icing  in  a  railroad  cut. 

CHAPTER  III 

••  SURVEYS  AMD  INVESTIGATIONS  FOR  ERECTION 

OF  STRUCTURES  on'pephafrost  ^ 

A.  General  Remarks  on  the  Function,  Nature,  Extent,  and  Tima  of  the 
Surveys  and  Investigation*  ' 

The  previous  discussions  demonstrate  that  tho  boot  way  to 
prevent  Rtructurcl  deformation  due  to  the  special  conditions  existing 
in  permafrost  regions  is  to  make  a . careful  study  of  these  conditions 
and  to  eroqt  the  structure  on  such  a  site  and  in  Buch  a  manner  that  tl 
peculiarities  ol  this  unique  region  would  bo  loast  effective.  Accordingly, 

“  'the  most  important  means  to  aeaure  stability  of  structures  on  permafrost 
involves  careful  erd  detailed  surveys  and  studies  of  the  site  for  the 
giver,  structure,. 

Knowledge  and  proper  consideration  of  local  conditions  in 
design,  and  conatructioi'.,  bated  on  adequate  surveys  and  investigations, 
constitute  the  best  asturaned  for  structural  stability.  The  main  bbr* 
jective  of  ordinary  surveys  and  investigations  is  to  select  a  struc**  .  .  ■  . 

turul  site  most  suitable  from  engineering  add  ecmosiic  points  of  view 
under  it  ivsn,  actual  -  topepr  eph  ic .  **-.d  »»eingicai,  conditions  .»•.  In.  permafrost  v 


regions  this  task  is  complicated by  the  inevitability  of  considering 
the  permafrost  factor  which,  in  cases  of  a  certain  combination  of  ' 
ground  and  hydrogeological  conditions,  is  the  decisive  factor  for 
structural  stability,  cost  of  construction,  and  future  operating  ex¬ 
penses.  ,  Accordingly,  all  types  and  stares  of  ordinary  surveys  ore 
necessarily  complex  when  applied  in  the  perrchfroat  region?  That  is, 
the  usual  topographic  and  geological 'surveys  must  be  accompanied, 
particularly  in  the  case  of  route  surveys,  by  hydrogeological,  hydro- 
logical,  ground,  permafrost,  and  meteorological  investigations.  This 
principle  of  completeness  of  the  investigation  must  be  applied  to  all 
stages  involved,  particularly  to  the  initial  stage,  that  is,  during 
preliminary  curveya.  .. 

u;;  This  method  of  investigation  is  moot  important  in  the  case 
of  the  permafrost  -region.  Some  engineers  in  this  f iold  have  the  in¬ 
correct  opinion  that  the  complexity  of  the  surveys,  that  is,  sup¬ 
plementing  the  engineering  investigations  with  poolorical,  hydro- 
logical,  and  permafrost  surveys,  should  be  increased  gradually  and 
that  the  most  detailed  and  complete  surveys  should  bo  conducted  only  ~ 
during  the  final  engineering  investigations.  This  attitude  ie  wrong 
because  permafrost  conditions  often  are  the  decisive  factor,  as  stated 
previously.  ... 

The  permafrost  characteristics  of  the  site  should  be  deter¬ 
mined  first,  otherwise  later  operations  and  surveys  will  involve  ex¬ 
cessive  and  unnecessary  expense.  All  investigations  should  be  carried 
out  in  two  stares j  the  major  work  in  the  summer,  while  doing  the  sup-, 
plomentery  and  special  studies  in  the  winter..  It  is  best  to  carry  out 
sttmrer  surveys  during  the  period  fron  August  to  October,  and • the  winter 
surveys  at  the  end  of  winter.  It  has  never 'been  and  saill  is  not  feasible 
to  conduct  the  basic  survoyo  in  the  ‘a inter  bacuase  of  extreme  cold,  deop 
freezing  of  the  ground,  snow,,  and  rolling  of  tho  ground.  In  addition, 
many  important  factors  cannot  be  clarified  during  the  winter. 

Some  engineers  claim  that  it  is  preferable  to  conduct  surveys 
primarily  in  the  winter  because  it  eliminates  the  diiliculties  involved 
ir,  branvpvi t- >-i ii  equipment,.  lord;  >r.d  food. during  the  summer  in 


roadless  areas,  and  because  gadflies,  mosquitoes,  i net -midges  are  absent 
in  the  winter.  Thir  view  is  incorrect,  however.  Although  it  is  desirable 
to  avoid  difficulties,  yet  it.  is  impractical  to  forgo  summer  surveys  be¬ 
cause  numerous  important  aspects  can  b?  determined  only  during  the  summer. 
These  aspects'  comprise  the  following!  the  nature  and  regime  of  various 
streams,  the  nature  of  the  surface  cover,  the  composition  of  fiio  ground, 
the  swampiness  of  marshy  places,  etc,.  On  the  other  hand,  sum, .or  surveys 
in  tho  permafrost  region  are  insufficient.  Soroo  investigations  must  bo 
carried  out  in  the  winter. 

B.  Surveys  and  Investigations  for  Industrial  and  Public  Construction 
1.  General  Instructions 

Tho  ultimate  objective  of  all  surveys  and  investigations  for 
construction  purposes  is  to  select  a  site  having  the  most  favorable 
pormnfrost  conditions  and  simultaneously  satisfying  the  economic  and 
engineering  aspects  of  the  givon  structure.  It  is  obvious  that  the 
factors  of  suitability  of  tho  selected  sito,  economic  considerations, 
and  engineering  expediency  must  be  adequately  coordlnntod  af£Sr  care¬ 
ful  evaluation.  Accordingly,  the  dimensions  of  tho  structure,  its 
function,  pecularities,  and -relative  permanence  are  involved. 

In  accordance  with  the  ultimate  objective  of  the  surveys  and 
investigations,  thoy  should  pr imarily  comprise  the  following!  (1)  a 
general  study  of  the  locality  for  the  purpose  of  choosing  a  number  of 
suitable  sites  for  the  given  project,  (2)  general  dotailod  investiga¬ 
tions  of  these  siteB,  and  (3)  investigation  of  the  particular  tracts 
within  the  optimum,  area,  on  which  tho  largest  and  most  important  struc¬ 
tures  are  to  b>,  erected.  The  first  two  stages  are  needed  for  planning 
and  designing  the  project,  while  the  last  stage  is  needed  for  working 
drawings.  The  decree  of  detail  must  correspond  to  the  design  stage 
involved. 

All  surveys  should  be  conducted  in  accordance  with  a  pre¬ 
liminary  plan  of  the  structure,  prepared  Jointly  by  technologists 
and  construction  engineers,  so  that  investigation  of  local  conditions 
would  yield  fcreln'rivc  icics  of  the  and  layout  efthe  projected 


structure .  If  such  a  plan  is  'not  available,  use  should  be  made  of 
plans  for  similar  projects.  ' 

The  aforementioned  division  of  the  surveys  and  investigations 
into  three  starts,  r.s  well  as  their  particular  sequence,  is  ngt  random. 

It  is  based  on  sound  considerations.  The  first  stage  constitutes  a  pre¬ 
liminary  or  reconnaissance  survey  with  .the  objective  cf  finding  several 
(two  or  three)  most  suitable  situs  in  a  riven  locality  within  an  area 
oi  tens  of  square  kilometers  ana  within  limits  in  which  relocation  would 
be  feasible.  The  tocond  shape  should  yield  data  which  would 'enable  o no 
to  compare  the  construction  sites  obtained  during  the  first  survey  stare, 
to  select  the  best  site,  and  to  make  a  detailed  and  extensive  analysis 
of  tf lie  Bite.  Choice  of  the  boat  site  is  made  on  the  basis  of  complex 
anu  careful  analysis  of  the  data  obtained,  as  well  as  usual  economic 
and  engineering  considerations.  It  is  obvious  that  the  second  stage 
ccmpriBBE  preliminary  studies  of  the  two  or  throe  variants  involved 
and  definitive  studies  of  the  optimum  site,  finally,  the  objective 
of. the  third  stare  1b  to  make  a  more  precise  analysio  of  the  data  ob¬ 
tained  durinr  the  first  two  stares,  This  stupe  1b  applied  as  needed, 

« 

in  the  case  of  extreme  complications  or  when  unforeseen  factors  occur. 

In  thir  stare,  as  in  the  previous  stares,  it  ic  nocascary  carefully 
to  coordinate  the  local  conditions  of  permafrost  and  reolopy  with  the 
aspects. cl'  production,  economics,  etc. 

c  As  stated  above,  all  investigations  must  be  complete.  There¬ 
fore,  in  tho  case  of  a  fairly  lurre  structure,  it  is  desirable  that  thu 
work  involve  a  group  headed  by  n  miniour.  of  the  following  six  pontons 5 
(1)  a  construction  anplnear  who  ic  familiar  with  j^risafrcst  ar.u  the 
riven  type  of  structure,  (2)  a  technological  engineer  who  is  a  specialist 
in  the  field  of  production  to  which  this  structure  is  assi'tiod,  (3)  a 
permafrost  scientist  who  is  familiar  with  construction  engineering, 

(4)  a  reolopist  who  is  familiar  with  permafrost,  (5)  a  hydrofoolopist- 
who  is  familiar  with  permafrost,  and  (6)  a  surveyor. 

It  is  recorrended  thatTield  studios  bo  made  in  due  time, 
in  two  states --summer  ar.u  winter.  fort  studies  should  be  made  in 
ths  oruy  studies  ... jLhu 


summer  should  oe  made  in  the  winter.  The  latter  studies  comprise  the 
following!  snow  cover;  depth  of  freezing  of  various  types  of  around 
at  various  moisture  contents  and  surface  covers;  location  of  winter 
outlet  of  springs j  occurrence  of  river,  spring,  and  ground  icings; 
thickness  of  ice;  and  freezing  of  rivers,  lakes,  streams,  and  reservoirs. 

2.  General  Study  of  an  Area  for  the  Eurpose  of  Seloctinr  o  Construction 
Sits 

The  basic  objective  of  such  a  study  is  to  select  possible 
variants  of  construction  sites  for  a  given  structure.  Since  it  is 
readily  feasible, to  locate  most  industrial  and  public  buildings  in  a 
given  region  anywhoio  within  a  fairly  largo  distance  measuring  hundreds 
of  meters  of  even  kilometers,  it- io -desirable  to  Inspect  and  investigate 
the  largest  possible  area  within  this  region  (an  average  of  JO  Bq  km). 

This  area  is  determined" from  ordinary  engineering  and  economic  considera¬ 
tions  governing  the  location  of  such  a  project. 

The  methods  used  in  this  preliminary  stage  may  involve  visual 
examination  combined  with  limited  drilling  and  probing  whenever  feasible. 

A  general  study  of  the  locality  should  yield  relative  data  pertaining  to 
permafrost,  geology,  topography,  and  engineering  aspects  of  the  area. 

The  exact  preliminary  and  general  study  of  tha  locality  comprises  the 
following  steps. 

First,  it  is  necessary  to  study  the  available  material  per¬ 
taining  to  tho  given  region,  such  as  books,  articles,  government  pub¬ 
lications,  etc,  Next,  it  is  recommended  to  make  a  rapid  inspection  of 
the  region  and  to  prepare  a  report  containing  a  general  description  of 
the  region  and  including  general  data  about  its  portaafroat,  geology, 
and  hydrogeology.  The  following  data  are  essential!  (1)  mean  annual 
temperature,  (2)  thickness  of  enow  cover,  and  (3)  quantity  of  precip¬ 
itation  (using  available  sources  and  introducing  corrections  wlen 
needed).  -Then,  it  id  required  to  select  two  or  three  most  suitable^ 
construction  sites,  taking  into  consideration  the  usualfactors  of 
size,  contour,  water  supply,  and  transportation.  Finally,  It  is  hoc- 
essary  to  compile  a  detailed  description  of  each  of  the  selected  sites. 

This  description  she. Id  contain  the  following  brief  and  general  data! 


(I)  nature  and  amount  or  moisture  in  the  ground,  (2)  approximate  perma¬ 
frost  level,  and  (3)  occurrence  of  bedrock. 

The  following  instructions  should  be  followed  in  selecting, 
construction  sites, 

a.  It  is  racomoended  that  little  consideration  be  given  to 
areas  constituting  former  river  beds,  river  sediment,  marl,  or  the 

it  ''  - 

lowest  places  in  the  given  region. 

b.  It  is  essential  to  select  elevated  places  because  the/ 
are  least  wet  and  facilitate  ready  drainape  of  ground  and  surface 
waters. 

c.  Slopes  facing  south  or  southeast  Bhould  be  given 
preference. 

^  d.  It  is  desirable  to  select  places  where  bedrock  ie  at 

the  surface  or  at  shallow  depth,  as  well  as  places  where  the  ground 
consiate  of  pebbles,  gravel,  or  coarse  eand. 

e.  riacos  subject  to  icing  processes  should  be  avoided. 

f.  It  ie  judicious  to  prefer  sites  wliero  the  permafrost 
occurs  at  largest.  depths 

f .  Sites  containing  imbedded  ice  or  thermokarst  lakes  are 

■  i:’.»  j  i-  .  .  '• 

totally  unsuitable.  •  „  , 

_  .  ik 

h.  Vegetation  should  be  given  particular  attention,  Wooded 
areas  (particularly  pine  forests)  are  preferable  because  such  forests  ‘ 
are  indicative  if  relative  dryness  of  the  ground,  relatively  deep 
occurrence  of  the  permafrost,  and  bettor  engineering  properties -of 

the  ground. 

i.  In  a  region  of  sporadic  permafrost,  it  is  desirable  to 
select  a  site  free  from  poroa frost. 

j.  In  a  region  of  layered  permafrost,  it  is  judicious  to 
select  a  site  whsro  the  permafrost  layer  is  thin. 

k.  To  avoid  complex  and  expensive  flood-control  measured, 

it  is  necessary  to  select  a  site  located  above  the  highest  lo.vfl3_.ef-.  . 
watvr  in  the  nearest  river,  that  is,  above  the  level  of  sunmor  and 
fall  high  stares.  -  -v 


3-  Detailed  Oenerai  Surveys  of  the  Selected  Sitas^ 

a.  Preliminary  Survey 

For  the  purpose  of  final  selection  of.  a  specific  optimum  site, 
the  most  satisfactory  of  the  provisional  sites  should  be  subjected  to 
preliminary  surveys  which  would  yield  more  accurate  and  reliable  data 
than  those  obtained  initially.  These  preliminary  surveys  should,  comprise 
drilling  and  test  pits  on  a  suitable  ecdle.  The  objeotive  is  to  deter¬ 
mine  the  following  basic  characteristics  of  the  sitej 

1.  Nature  of  the  permafrost; 

2.  Nature  and  moisture  content  of  the  active  layer  and  the 
upper  permafrost  layer; 

3-  Occurrence  of  bedrock,  lbs  properties  and  stratifications; 

h>  Occurrence,  nature,  and  position  of  groundwater; 

5.  Leyel  of  the  permafrost  at  several  points; 

6.  Temperature  of  the  upper  permafrost  layerj 

7.  Availability  and  distribution  of  local  building  materials. 

Comparative  analysis  of  all  these  data  about  the  various  Bites 

involved  enables  ono  to  decide  which  site  is  most  suitable,  that  is,  to 
BSlect  the  optimum  site.  It  is  obvious  that  the  site  selected  in  this 
way  must  have  the  following  most  favorable  external  conditional  (1)  topo¬ 
graphy  facilitating  drainage  of  surface  and  ground  waters,  (2)  bedrock 
occurring  nearest  the  ground  surface,  (3)  lowest  ground-water  table,  and 
(u)  ground  having  good  engineering  properties  and  least  moisture  con¬ 
tent. 

At  this  stage  of  the  investigation,  a  topographic  survey  of 
iho  locality  should  be  made  prior  to  or  simultaneously  with  other 
field  studies. 

b.  Final  Survey  ./ 

The  objective  of  the  final  survey  of  the  selected  construction 
site  is  to  collect  all  data  necessary  for  drafting  the  construction  plan. 
Accordingly,  this  survey  must  be  detailed,  careful,  and  conducted  in  ac¬ 
cordance  with  the  following  schedule. 
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Engineering  arid1' goclerical  studies  should  yield  the  following 
data:  (1)  general  engineering  and  geological  description  tho  given 
area  and  the  construction  site,  (2)  geological  map,  (3)  longitudinal 
and  lateral  geological  profiles  of  the  site,  determined  from  test  holea- 
and  probos,  and  indicating  the  upper  permafrost,  limit,  and  (1*)  clarifica¬ 
tion  of  the  previous  data  about  the  availability  and  -location  of -con¬ 
struction  materials  "(send,  pravel,  pebbles,  etc.).  ■. 

i>  .  ,  . 

Permafrost  ctudiea  aim  at  clarifying  the  following  aspects: 

(1)  position  of  the  upper  permafrost  limit  and  thickness  of  the  active 
layer  at  the  construction  site,  (2)  nature  and  propartiqs  of  tile  poirui- 
i'rost  in  the  riven  area  and  at  the  construction  site,  (3)  temperature 
repima  of  the  active  layer  and  the  permafrost  layer,  (h)  a  map  end  pro¬ 
file  of  the  ground,  ana-  (3”)  approximate  thickness  of  tho  porftafroot. 

Hydrogeological  and  hy'lrolopical  surveys  should  correspond 
to  the  following  schedule i 

1.  jVo '  iidtermine  the  hydrogbolopical.,condi tions  of  tho  con¬ 
struction  site  and  tjie  origin  of  the  ground  water  tlioru,  with  particular 
reference  to  supraporroofrost  water; 

2.  To  determine  tho  occurrence  and  extent  pf  imbedded  ice 
and  of  prwund  ice  in  general; 

o'  _  •  •  * 

3.  To  ctudy  tho  dynamic  processes  in  the  active  layer,  that 

is,  owe.il in?,  icings,  otc|  ' 

li.  To  Investigate  streams,  springs,  and  lake’s  with  tho  ob¬ 
jective  of  determining  the  feasibility  of  water  supply. 

Studies  of  the  engineering  properties  of  tho  ground  should 
be  conducted  separately  for  the  active  layer  and  the  permafrost.  These 
studios  will  determine  tho  following:  (1)  oeehanical  composition  of 
the  ground,  (2)  moioturc  content  of  the  ground  layers,  (3)  volume  weight 
of  undisturbed  frozen  ground,  (1*)  specific  weight  of  tho  ground  in  its 
solid  phase,-  (3)  thawing  tests  ofpernsfrest  ^pedoays,  (6)  compressibility 
of  thawed  permafrost,  (7)  experimental  adfreezing  strength  of  tho  active 
layer  and"  the  permafrost,  and  (!)  exporimen t-al  cotru'etaim  strength  of 
the  pensafrost;  ,  "  .  .  ..  ..... 

Tse  Oitradlic  s  ury  oy;;  of  tha  si  La  x  ansjitii  t*  s  the  rir,»l  survey  *  . 


6h  '  .  >V  -  ••  .  ... 

Uniform  methods  and  definite  moans  should  be  used  in  all  those 
surveys.  In  eonnaction  with  this,  only  certain  explanatory  remarks  will 
be  presented  here,  since  it  is  judicious  to  follow  the  instructions  pre¬ 
pared  by  the  Academy  of  Sciences  SSSR  l  8 ]  . 

'"Tfts'geological  surveys  should  comprise  the.  peomorphology  of 
the  locality,  the  history,  distribution  petrography,  stratigraphy,' 
and  tectonics  of  .the  bedrock, • and  analysis  of  detritus  to  determine- 
it?  lithological  composition  and  spatial  distribution.  Such  3tudieB 
utilize  available  published  material,  field  observations,  and  data 
froh  test  pits  and  drill  Holes.  These  surveys  must  be  made  in  the 
cummor  nr  fall-. 

The  major  aspects  in  the  investigation  of  permafroct  are 
determination-  of  the  upper  permafrost  limit  and  the  thickness  of  the 
actlvo  layer.  The  upper  permafrost  limit  should  be  determined  at 
various  pointB  of  the  construction  site  before  the  froBts  sot  in. 

These  points  should  be  selected  relative  to  the  various  typoa  of 
ground,  topography  of  the  locality,  and  vegetation  and  surface  covors, 
so  that  two  or  throe  controlled  drill  holos  or  teat  pits  would  bo  es¬ 
tablished  for  euch  typo  of  ground  and  surface  cover.  The  number  of  points 
for  determination  of  the  permafrost  level  should  bo  adequate  to  establish 
the  contour  of  the  upper  permafrost  limit.  This  is  essential”  because 
this  limit  does  not  always  correspond  to  the  contour  of  tho  ground  sur¬ 
face.  Such  determination  of  the  upper  permafrost  limit  is  only  approx¬ 
imate,  Bince  obtaining  relatively  accurate  data  requires  observations 
over  a  period  of  years.  On  the  other  hand,  use  of  these  data  io  con¬ 
ditional  because,  as  stated  previously,  tho  upper  parmafroot  limit 
changes  considerably  when  the  region  irrvolvod  is  developed  and 'struc¬ 
tures  are  erected  on  the  permafrost. 

Several  methods  are  used  to  determine  the  permafrost  level. 

The  simplest  are  drill  holes  and  test  pits.  Since  drilling  doeB  not 
always  yield  accurate  data,  it  is  preferable  to  establish  test  pits 
wherever  feasible,  extend  them  to  the  permafrost,  aid  thon  apply  drilling. 
Usd  may  be  made  of  r.oro  modern  methods,  such  as  the -geophysical  methods 
of  electrical  and  salsm graphical  measurements  1 9,  1Q1  ,y  _ ..  .  . 


In  the  cese  of  merging  permafrost,  determination  of-.. the  upper 
permafrost  limit  establishes  also  the  thickness  ‘of  the  active  layer. 

When  the  permafrost  occurs  at  considerable  depth,  the  thickness  of  this 
active  layer,  which  in  this  case  corresponds  to  the  depth  of  winter 
freezing,  should  be  separately  determined  at  the  end  of  r/irter.  Tho 
depth  of  drill  holes  generally  depends  on  natural  contritions  and  tho 
size  of  the  structure.  Sumgin  rn commends  that  drill  holes  25  to  JO  m 
deep  should  bo  used  in  tho  case  of  largo  structures.  In  tin-  coco  of 
major  construction,  it  is  desirable  to  drill  at  least  one  hole  to  the 
lowor  limit  of  permafrost. 

Test  pits  and  drill  holes  are  useful  for  investigations 
other  than  that  of  permafrost.  Therefore,  all  test  pits  and  drill 
holes  should  be  numbered  and  plotted  on  a  map  which  indicates  tnoir 
levels.  In  addition,  a  log  and  chart  should  bo  kept  for  each  pit  and 

hole,  in  which  a  record  is  made  of  all  the  necessary  data  pertaining 

//  , . 

to  the  various  investigations. 

The  nature  and  type  of  the  permafrost  arc  determined  by 
testing  samples  of  the  ground  removed  from  the  drill  hole  and  by 
thermometer  meaeuret.iehVsi  The  latter  are  made  during  various  stapes 
of  the  drilling  operation  or  after  tho  drill  hole  has  been  completed. 

The  first  method  1b  preferable,  but  it  requires  interruption  of  drill¬ 
ing  in  order  that  the  thermal  regime  in  the  test  hole,  disturbed  by 
the  drilling  operation,  could  return  to  normal.  This  requires  a  timo 
interval  ranging  from  several  hours  to  throe  day e. 

Temperature  readings  aro  taken  by  moans  of  thermometers 
having  special  casings.  Trior  to  lowering  the  thermometer  into  the 
test  hole,  the  latter  is  lined  with  an  ebonite  or  metal  tube.  These 
thermometers  are  slow  recording  so  that  their  readings  are  relatively 
unaffected  by  the  outside  temperature  when  they  aro  withdrawn  from  the 
test  hole  and  read.  •  Tho  bulb  in  such  a  slow  recording  thermometer  is 
enclosed  in  an  insulating  material.  The  temperature  should  bo  taken 
every  bO- to  50  cm  down  to  a  depth  of  2  or  3  a,  and  every  2  to  3  m  at 
lower  depths.  Since  the  temperature  measurements  aro  relatively  in¬ 
accurate,  it  is  desirable  to  maintain  year-round  temperature  observations 


in  sevarsi'  tret  'holes  on  the  -i.uildiisg  site,  at  depths  of  >-to  6  m  or  at 
a  "dept!*,  riot  less  than  twice  the  planned  foundation  depth. 

Hydrological  and  hydrogeological  studies  should  be  conducted 
in  two  stages — in  ..the  summer  and  winter.  It  is-expedient  to  utilize  - 
tne  available  tost  pits  and  drill  holes  for  sqrs.  of  these., invootipa- 

V  *  ....  o 

tions.  The  drill  holes  can  bs  used  to  measure  the  p'round-wat^r  table, 
which  should  hn  done  several  times  in  the  course  6 f  toe  sumner.  ^ These  .  , 
measurements  would  enable  "one  to  plot  contours  of  the  wator  table,  which 
would  indicate  the  nature  and  direction  of  ground-wator  flow.  The  mois¬ 
ture  distribution  in  the  active  layer  and  in  the  permafrost  is  deter¬ 
mined  durin;'  the  summon  from.,  samples  taJ<en  from  the  test  pits  at  depth 
intervals  of  <).i>  m. 

Lakes, ’sprinpa,  rivers,  and  icing  sites  should  bo  examined  in 
the  Bumme  and  .during  the  foTT^ii'R  winter.  The  study  of  the  winter 
regime  pf  vator  sources  involves  determining  the  time  of  freezing  and  ice 
formation/  the  nroccnco  of  areas  which  do  not  freeze,  and  the  winter 
outlets  '  !'  r.pringu.  The  hli'h  stapes  of  rivers  should  bo  investigated, 
purlicul.  riy  If  they  j*esult  from  atmospheric  precipitation; _ =’ 

Tho  problom  of  water  supply  under  permafrost  conditions  often 
is  quite  complicated  and  should  be  given  careful  consideration.  The 
enrinaor  faces  tho  following  two  major  problems  in  connection  with  es¬ 
tablishing  a  water  supply  in  the  permafrost  zonal  (1)  finding  a  suf¬ 
ficiently  dependable  source  of  water  and  (2)  bringing  the  water  to  tho 
requisite  points  ,-ird  distributing  it  through  a  piping  ayatem* 

The  complexity  of  tha  first  problem  is  evident  from  the  diffi¬ 
culties  encountered  during  construction  of  the  first  railrondo  in  tho 
permafrost  region.  Thin  complexity  is  due  to  the  feet  that  most  water 
sources  freeze  and  no  water  is  available  in  tho  wintor,  despite  the 
abundfir.ee  of  water  in  the  senator.  Wator  for  numerous  railroad  lines 
often  has  to  be -obtained  by  cutting  ice  and  melting,  it  irt^sperial— con¬ 
tainers.  Figure  b?  shews  a  bonfire  used  for  obtaining  water  on  tha 
Chichatka  River.  The  water,  obtainod  ift  such  a  primitive  manner, 
flowed  in  channels  chopped  in  the  ice  and  was  collected. in  a  tank  lo- 


to  various;  points.  The  second  problem  ie  also  quite  complex,  although 
currently  it  is  usually  solved  by  heating  the  watej'/t  ‘  Since  ti;0  prob¬ 
lem  of  water  Bupply  is.  so  important,  studies  in  this  field  have  spe¬ 
cial  significance  and  are  not  within  the  scope  of  the  present  work. 
Therei'ore,  thib  problem  will  not  bo  discussed  ir^  detail  horo.  It  ia 
adequately  discussed  in  the  works  of  M.  Ya.  ChernyBh\tv  f.  11,  12]  . 
It^should  be  noted,  however,  that  utilization  of  springs  r-t,d  sub- 

C  .  *■ 

permafrost  water  is  most  successful.  =* 


liost  enpinaoring  properties  of  ground  are  determined  by  moans 
of  well-known  methods  that  need  not  be  discussed  horo  in  detail.  It 
need  be  fib in tod  out,  however,  that  careful  and  accurate  detormi nation 
of  the  volume  weipht  of  undisturbed  frozen  ground  is  essential  in  cal¬ 
culations  of  boarinp  capacity,  sottlinp,  etc.  _  Thawing  testa  of  perma¬ 
frost  consist  of  placing  an  undisturbed  Sample  of  ground  token  from  * 
the  test  pit  in  a  plasB  container  and  heatlnp  it.  The  behavior  and 
stator  bf;:i!il,&,vtha»ed  sample  are  observed  and  constitute  supplementary 
inf  ormation  Wgirtfi  hg  the  probable^behavior  of  tho  permafrost  during 
thawing  benerth  n  building.  The  compaction  ratio  of  the  thawed  pround 
is  readily  determined  by  moans  of  a  device  deaipned  by  N.  A.  Tsytovich. 
All  pertinent  iniomfition-  1b  contained  in  a  book  by  Tsytovich  and 
Sumrin  [2,  pare  376J  .  Tide  book  contains  also  instructions  regarding 
field  tests  of  the  bearing  capacity  of  tiiawod  ground.'  -The  adfrouzinn 
strength  between  the  active  layer  and  various  foundations  is  of  major 
importance  in  many  cases.  Thic  strength  must  be  determined  in  the 
field, under  natural  conditions,  since  laboratory  experiments  yield  re¬ 
sults  that  are  not  valid  in  practice. 


Engineer  !).  I.  Eikov  designed  a  practical  apparatus  for 
determining  the  heaving  force  [133  .  Figure  66  shows  an  improved  de¬ 
sign  of  this  apparatus  having  a  capacity  of  10  tons.  The  apparatus 
consists  of  a  conical,  reinforced  concrete  pile  $  m  long,  "which  is 
driven  into  the  permafrost  layer  by  means  of  an  American  steam  hamater. 
The  reinforcing  consists  of  6  longitudinal,  bars  22  mm  in  diameter  and 
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r  ;  7,7 Tsytovich  recently  procc/cec  a 

of  settling  of  thawed  ground.  Ibis 
(1  and  3  kg  per  sq  cm.  for  example) 


new  me 


method  involves  use  of  various  loads 


a  spiral  bar .  A  round  steel  tar  30  an  in  diameter,  with  a  washer  and 

k  -  t*  •••  -  1U-  -  if*; -  - -  — .  - - -  i - *.  -  _  .  ..  _  _ 

jiut  at  its  liyiror ^arsdj  is  t.nnertea  into  the  core-  of  the  pile.  Thic  bar 
protrudes  3-3  m  from  the  jiile.  A  wooden  or  reinforced  concrete  cylinder, 
Q.JLfiQH'"  and...2LO  <gg;  in  dias&l^tr,  la  mountoJ  oveF  tlie  ^rd'trudjhg  end  The  A 
^  '{i  inside  diameter  of  the  cylinder  is  7  ca,  which -4s  2  cm  larger  than  the 

diameter  of  the  stool  rod*1  Upon  installation  thic  clearance,  should  be 
filled  viith  grease,  inductrial  vaseline,  or  tar.  The  cylinder'' Is  capped 
by  a  steal  washor  with  a  spring  mounted  on  it.  A  wanher  and  nut  are  .r 
mounted  at  the  otl.or  and  of  the  sprinp.  The  spring  should  be  tested 
and  should  meet  specifications  for  seals  springs.  A  pi von  force  should 
cause  a  definite  compression  oi  the  sprinp.  A  pointer,  connected  to  u 
rack  and  pinion,  is  attached  to  the  side  of  the  cylinder.  Uplift  of  the 
cylinder  causes  the  pointer  to  rise.  Miile  rising,  the  pointer  records 
the  nature  and  magnitude  of  the  deformation  on  ^graduated  drum.  The 
drum  ia  rotated  by  a  goer  system  actuated  by  the  heaving,  the  motion 
beinp.  transmitted  through  the  rack  and  pinion.  The  rate  of  heavinp  is 
determined  from  periodical  observations. 

Bikov  designed  and  used  a  simpler  device  for  determining  the 
magnitude  of  the  heaving  force  during  tests. at  a  permafrost  station. 

The  device  ie.,  shown  diagramaatically  In  Fig.  67.  The  short  test  post 
ia  subjected  tc  a  load  transmitted  by  a  lever  of  which  one  end  carries 
a  iftuiiiit  r  and  the  other  ie  fastened  to  a  pile  driven  into  the  ground  td 
such  a  depth  that  heaving  cannot  force  out  the  pile.  Since  F  is  constant, 
the  test  requires  not  less  than  five  installations,  each  carrying  a  dif¬ 
ferent  loacf-wblch  is  either  larger  or  smaller  than  f .  The  load  JP  is 
approximately  sufficient  to  balance  the  estimated  heaving  force.  -  “Unco 
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a  large  variety  of  loads  would  require  a  large  number  of  installations, 
use  ia  made  of  large  differences  in  load.  Of  course,  this  reduces  the 
s>  accuracy  of  the  results.  Nevertheless,  this  system  is  quite  simple-, 
and  cen  be  used  under  any  co.  ditions.  A  sufficiently  large  number  of. 
installations  (16  to  20)  would  yield  fairly  reliable  data. 

Ancthsr  method  (Fig.  68)  consists  of  a  lever  and  an  attached 
weight  which.  ariJj  used  to  withdraw  a  post  located  in  the  active  layer  and 
.  adfrosen  to  i t.:;;  'Thlssolhod  yields  a  relative  idea  of  the  adfreesing 


strength,  but  the  results  are  rather  inaccurate  because  it  is  not  known 
whether  the  testing  tiro  is  suitable..  If  the,  tost  is  conducted  early 
in  the  season,  the "results  would  constitute  an  underostjtmationj  if  the 
test  is  conducted. when  the  active  layer  is  completely  frozen,  t ho  data 
would  constitute  an  exapperutiori^beoauae  the  depth  of  freezing  aiid, 
consequently,  the  area  of  adfreezinr  between  the  post  oi>d  iiio  ground 
corresponding  to  maximum  swelling  would  bo  loss  than  the  -  r.tiro  depth 
of  the  active  layer.  ■■  - 


The  comprosnive  strength  of  tho  permafrost  can  be  determined 

•V* 

by  moans  of  methods  used  in  testing  tho  ntronfth  of  the  ground  in  bore¬ 
holes.  This  consists  of  lowering  a  shaft  carrying  a  load,  figure  6? 
shows  such  a  devico  designed  by  Bikov.  A  stool  pipo  is  lowered  into  the 
ground  urtil  it  penetrates  into  the  permafrost}  a  second  pipe  of  smaller 
diameter  and. with  a  closed  ond  is  fitted  into  the  outer  pipe  ar.d  con¬ 
stitutes  tho  shaft.  The  load  is  applied  by  maanB  of  a  container  attached 
to  the  shaft. 


Tho  topographic  survoys  aro  not  difforor.t  from  those  usually 
carriod  out  in  areas  whore  no  permafrost  is  pru6ont;  thoy  are  simple 
geodetic  survoys  which  determine  the  plan  and  profile  of  the  construc¬ 
tion  site.  These  survoys  should  bo  done  in  the  summer,  since  winter 
surveys  may  result  in  major  errors  due  to  tho  fact  that  the  usual  swell¬ 
ing  of  ground  in  the  permafrost  region  greatly  affects  the  miornrelief 
of  the  pround  so  tha^  the  readings  obtained  in  tho  winter  differ  from 
those  obtained  in  the  summer j  in  addition,  icings  and  frost  mounds  occur 
in  the  winter.  Moreover,  winter  surveying  is  difficult  even  in  the 
southern  regions  bocause  of  low  atmospheric  temperatures,  ana  ic  still 
more  difficult  in  the  northern  rorlons  whore  heavy  snowfall,  snowstorms, 
and  blizzards  aro  a  frequent  occurrence. 


Establishing  benchmarks  requires  special  care.  They  should 
be  established  on  rocks  protruding  from  tho  ground.  If  such  rocks  are 
not  “available,  use  is  made  of  a  permafrost  benchmark.  It  consists  of 
a  metal  pipe,  $  cm  in  diatse ter  or  larger,  with  perforations  in  its  lower 
section.  A  hole  of  suitable  diameter  is  drilled  in  tho  ground  and  tho 
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i  '>  the  ground  surface,  should  La  at  least  three  tires  the  maximum  depth 
of  thawing  of  the  upper  ground  layer.  The  pipe  in  this  hole  is  filled 
with  water  to the  permafrost  surface.  After  this  water  freezes,  the 
ground  ie  renovod  within  a  radius  of  0.7?  m  around  the  pipe  above  the 
permafrost  surface,  and  the  pit  1b  filled  with  gravel  or  coarse  sand=— = 
topped  with  a'lajer  of  poat. 


Another-  tyjie  of  benchmark  consists  of  a  timber  j*>ile  driven 
'into  tho  ground  by  a  stoao  hammer  to  a  depth  corresponding  to  three 
tines  the  depth  of  maximal  thawing.  As  in  the  previous  case,  the 
natural  ground  around  the  pile  is  removed  and  it?  replaced  by  non- 
swelling  material.  The  part  of  the  pile  located  in  the  thawing  layer 

o 

should  be  planed  and  tarred,  and  all  its  cracks  should  bo  thoroughly 
caulked. 


-  In  regions  of  deep  freezing,  a  timber  pile  may  be  used  as 
u  benchmark  if  the  pile  is  driven  into  tho  ground  to  thrice  tho  depth 
of  froozing.  As  in  the  previous  case,  the  part  of  tho  pile  within  th9 
freozing  layer  should  be  plunod  and  tarred.'’  In  addition,  as  described 
previously,  tho  natural  ground  around  the  pile  within  the  active  layer 
chould  be  removed  and  replaced  by  well-draining  material. 


In  closing  this  auction,,  attention  is  called  to  the  need  fpr 
considering  local  construction  experience  if  such  io  available  in  the 
given  region.  It  is  essential  to  make  tho  required  apodal  studies  in 
order  to  ascertain  the  state  of  the  existing  structures.  Standard  In¬ 
structions  for  Buch  studies  are  given  In  the  appendix. 


Tho  standards  and  specif iciations  for  the  design  of  foundations 
on  permafrost  (QST  90032-39)  aocipn  great  iugjortahce  to  tho  aspect  of 
surveys  and  include  a  number  of  rational  instructions.  The  following  is 
an  excerpt  from  thie  manual i 


III. 


OST  HO.  90032-39  _  „  „ 

EKGIWEERINQ  AHD  OEOLOGICAL  SURVEYS  OF  CONSTRUCTION  SITES 


In.  In  selecting  a  building  site,  particular  attention -e haul d  be 
Riven  to  the  type  of  ground  involved.  Reference  should  be  given  to 
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lenses.  It  ic  rocbw.mcr.dod  not  to  ooloct  a  buildinr  site  on  ground  which 
is  (a)  supersaturated,'  with  ice  Icne'ca  and  wcdros,  or  (b)  f ir.o-toxturod, 
since  such  ground  usually  is  highly  saturated  with  ice  and  tends  to  be¬ 
come  fluid  upon  thawing,  which  makes  it  difficult  to  construct  founda¬ 
tions.  -  - 

It'.  Engineering,  geological,  and  poji&afrott  surveys  of  the.  con¬ 
struction  bite  and  nearby  area  should  aatijiblish  the  fallowing! 

a.  Topography  and  geological  structure  oi  tho  aroa^ 

b.  Permafrost  phenomenal  tliicknoss -of  the  active  layer,  type' 
of  permafrost  (layarod  or  continuous,  merping  or  r.onnorping) ,  their  . 
tomporaturo  ropiiro,  ect.j 

c.  Hydrogeological  conditions,  repine  of  tho  ground  water 
(flow  direction,  velocity,  etc),  hydromechanical,  temperature,  ar.d 
other  conditions} 

d.  Stata  of  the  ground,  occurrence  of  ice  wedges  and  lenses, 
mechanical  composition,  volume  and  specific  weights,  moisture  content, 
etc;} 

a,  Settling  of  tho  ground  under  load,  determined  by  fiold 
or  laboratory  torts. 

-  16.  The  thickness  of  tho  active  layor  is  doterrrinod  from  extorsive 
data  of  meteorological  permafrost  stations.  If  such  data  are  not  avail- 
■able,  tho  following  must  be  established! 

a.  Tho  maximum  depth  of  thawing  during  the  given  year  in  tho 
case  of  Barging  permafrost.  This  is  doterrcined  at  the  very  beginning 
or  winter  freoaing  (in  September  or  October)  by  moans  of  test  pits  or 
drill  holes; 

b,  Tho  maximum  depth  of  freezing  in  tho  oase  of  nonroerping 
pomafrost.  This  io  determined  at  tho  beginning  of  sunrer  thawing 
(in  March  or  April). 

In  order  to  obtain  the  maximal  depth  of  freezing  or  Uiawihg, 
a  correction  ic  introduced  in  accordance  with  tho  extensive  records  of 
air  and  ground  tomperaturos,  compiled  from  observations  at  the  nearest 
meteorological  stating,  taking  into  consideration  tho  thickness  Of  tee 
snow  cover  and  tho  time  oi  its  formation.  If  reliable  field  geological 
data  aro  not  available,  it  is  roconmonded  teat  tho  assumed  thickness  of 
the  active  layer  te  compared  with  tho  result  of  thermodynamic  calcula¬ 
tions  based  cr.  local  conditions  of  climate  und  iTound. 

Preliminary  estimates  of  the  thickness  of  the  active  layor 
may  be  made  in  accordance  with  the  data  compiled  in  tho  following  table! 

OST  Table  I 

AVERAGE  THICKHESS  OF  ACTIVE  LAYER 

i  _ _ Iftic  kness  in  lie  tore 

Permafrost  Regions  •  In  Sandy  T  In  Clayey  ]  In  CiTound 

■  _  ;  Ground  I  Ground  j  with  Peat 

Ir  areas  south  of  "the  55th  parallel  }  3  to  u.Oplv"  to  2  i5"T"ov?~  tier  1 .“ 

At  the  latitude  cf  Yakutsk  ).  :•  2.0  to  2. 5:1.5  to  2,0 J  0.5  to  0.-3. 

Alor..':'the  coast'  of  the  Arctic  Ocean  i  1.2  to  1.6’0.7  to  1.0  !  G.2  to  O.U 


*vhCv-  "Surveys  'and  Investigations  for  Rood  Construction 
1.  Ger.oral  Remarks  ■./; 

The  basic  objective  of  Ordinary  enrUberijig  surveys  is  to 


solect  the  ciopt  suitable  route  for  a  given  projected  line  wit’.  rospoct,; 
to  actual  topographic  and  rheological  conditions.  This  objective  is 
valid  also  in  .tho  case  of  pormRfrost  conditions,  but  its  attaiiaoent  is 
greatly  complicated  by  the  additional  fan  ter  of  permafrost.  In  come 
casoc,  particularly  when  the  effects  of  given  ground  and  hydrogeology 
are  cumulative,  pornafrost  conditions  tend  to  bo  the  decisive  factor 
in  the  stability  of  earth  roadbeds  and  other  road  structures,  in  so  far 
as  costs  of  construction  and  future  operation  aro" concerned.  Therefore, 
all  aspects  and  stages  of  engineering  surveys  should  be  complete  and  con¬ 
ducted  simultaneously  with  -other  studies  neceesary  to  clarify  all  aspects 
of  the  occurrence  of  pormfrost  in  the  region  of  the  projected  line. 

The  typographic  route  surveys  should  ba  accompanied  by  geological 

%  v  i-*.  - 

hydrogeological,  ground.,  permafrost,  and  meteorological- studies  of  the  o  - 
routn  involved.  It  is  preforable  to  conduct  all  those  engineering  surveys 
in  the  summer  because  topographic  and  hydrogeological  conditions  can  bo 
oval  noted  mere  fully  and  correctly  and  because  tho  work  involved  is  cheaper 
and  more  rapid  (particularly  in  regions  with  thick  snow  cover  and  intense* 
snowstorms).  Investigations  reflating  to  frost,  hydrology,  and  hydrogeology 
should  ba  conducted  in  two  stages— -in  the  sumror  and  at  tho  end  of  winter. 
Winter  investigations  comprise  the  following  aspects:  show  covor;  dopth 
of  freezing  of  various  types  of  ground  at  various  moisture  contents  and 
surface  covers j  winter  outlats  of  springs}  icings  (rivor,  spring,  and 
ground);  thickness  of  ice;  extent  of- freezing  of  rivers,  lakes,  other  water¬ 
courses,  and  bodies  of  water. 

All  winter  investigations  should  te  conducted  during  the  first 
two  stages  of  the  engineering  surveys.  Winter*  investigations  are  per- 
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miS8ible  during  tho  final  surveys  only  if  carried  out  on  a  small  scale 
and  when  the  data  obtained  during  the  reconnaissance  survey  are  inadequate 
ts-solye  tho  special  problems  involved.  The  relative  merits  of  a  riven, 
season  for  surveying  operations  have  been  previously  discussed  in  detail. 
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The  usual  personnel  of  surveying  parties  is  determ inod  by 
Roneral  englHeafinfrconsidaratiDns.  -In  the  case  oi  com, plots-  surveys 
in  permafrost  regions,  however,  it  is  judicious  that  tills  personnel 
include  the  following  specialists.*  geologists  v.ho  are  thoroughly  - 
familiar  with  the  aspects  of  hydrogeology  and  soil  science,  as  well 
as  geophysicists  ^iho  are  specialists  in  the  field  of  porro.froot 
The  chief  of  the  party  or  of  a  givon  team  should  havo  adequate-  theoretical 
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and  practical  experience  in  the  fields  of  geology,  hydrogoolojjy,  and  frost 
science,  so  that  tho  results  of  tho  geological,  hydrogoologicip.,  and  poima- 
froat  investigations  would  be  properly  evaluated,  coordinated,  and  utilised. 
It  really  is  very  important  that  tho  party  chief  qualify  as  a  froBt  scientist 
because  errors  that  could  not  readily  bo  corrected  nave  resulted  from  the 
fact  that  tho  engineers  in  charge  had  inadequate  knowlodgb  of  pormofrost 
and  of  tho  complex  of  problems  related  to  permafrosts  -- 

2.  General  Nature,  Sequence,  and  Elements  of  Theso  Surveys 

To  obtain  more  reliable  data  pertaining  to  the  route  and  con¬ 
struction  conditions,  tho  following  sequence  of  surveys  is  recommenaedi 

(1)  Complex  reconnaissance. 

V  (2)  Preliminary  complete  instrument  surveye. 

(3)  Final  complex  surveys. 

All  these  surveys  must  be  conducted  so  as  to  meet  ths  general 
engineering  requirements  for  road  planning,  but  the  uniqueness  of  the 
permafrost  reri'm  involved  should  be  taken  into  consideration  in  ac¬ 
cordance  with  the  following  discussion. 

To  ascuro  continuous  progress  of  jjjjM  engineering  surveys, 
particular  attention  should  be  paid  to  the  Complex  field  reconnaipance 
which  should  covor  tho  widest  possible  area  along  each  of  tho  provi¬ 
sional  routes  of  the  projected  lino.  Iho  width  of  the  bolt  involved  - 
is  determined  by  local  topographic,  geoaorphological,  and  permafrost 
conditions,  but  should  average  about  5  to  10  km.  The  prime  objective 
of  the  complex  field  reconnaissance  (tltp  first  stago  of  the  engineering 
survey)  is  to  select  various  protaole  routes,  including  those  H.ost 
favorable  with  respect  to  permafrost.-  Correct  solution  of  this  prob¬ 
lem  would  preclude  subsequent  wastu  of  time  and  i;.c».e/  during  the 


preliminary  and  final  instrument-  surveys,  since  such  a  solution  would 
-eliminate  those .  variants  which  are  regarded  as  unsatisfactory  because  of 
permafrost  eonsideratioris .  _  7~~ 

In  accordance  with  its  main  objective,  the  complex  field  recon¬ 
naissance  furnishes  general  geological  information  about  the  region  (tec¬ 
tonics,''  morphology,  stratigraphy,  and  lithology)  and  clarifies  the  aspects^ 
characterizing  ^the  properties  of  the  permafrost  within  the  region  of  each 
projected  variant.  These  aspects  comprise!  type  of  ground  and  moisture 
content;  hydrology)  surface  cover)  occurrence  of  marl,  icings,  and  imbedded 
icej  thickness  of  active  layer)  position  of  upper  permafrost  limit)  thick¬ 
ness  of  permafrost  (within  practical  limits))  type  and  temperature  of  the 
permafrost;  and  thickness  of  ice  in  and  occurrence  of  collate  freezing  of 
rivers  and  other  bodies  of  water.  In  addition,  data  are  obtained  regarding 
the  meteorological  aspects  of  the  region  and  other  physioal  and  geographical 
Tactors.  * 

The  preliminary  instrument  survey^  *ompri8B  general,  detailed  and 
accurate  topographic,  geological,  and  permafrost  investigations  of  the  two 
or  three  routes  involved.  In  addition,  the  geological  and  permafrost  data, 
obtained  during  the  reconnaissance  survey  for  the  purpose  of  co^aring  the 
various  routes,  ara  supplemented  and  renderod  more  precise  if  the  results 
of  the'  reconnaissance  survey  were  insufficient  to  select  a  definite  route. 

The  main  objective  of  the  complex  preliminary  engineering  surveys  is  not  to 
compare  the  various  routes  involved,  since  this  is  basically  accomplished 
during  the  reconnaissance  survey,  but  to  improve  the  selected  route  by  means 
of  partial  variants.  Itis  obvious,  therefore,  that  all  these  Investigations 
are  carried  out  on  a  narrower  belt  than  that  involved  during  the  reconnaia- 
sanee  survey,  but  with  greater  precision  and  utilization  of  test  holes.  Test 
pita  anti  drill  holes  are  made  at  all  points  characterizing  changes  in  tho 
contour  of  the  upper  permafrost  limit.  Such  points  comprise  mounds,  de-  ? 
prosaiona,  banks  of  rivers  and  other  watercourses,  swamps,  and  places  where 
changes  occur  in  the  type  of  ground,  surface  cover)  alq?e  exposure,  etc.1  \  * 

The  objective  of  the  final  complex'  surveys  -is  to  adjust  and  - 
fix  the  route  along  the  line  established  during  the -preliminary  surveys. 


During  this ‘ 'surveying  stags, -  thc-position  of  the  roadbed  axis  is  ad¬ 
justed  and  the' cost  advantageous  longitudinal  profile  is  deterrr.ined 
with  respect  to  permafrost  conditions.  These  surveys  furnish  oil  of 
the  data  necessary  to  pr spare  separate  plans  for  each  structure  'and  to 
determine  the  special  Ensures  which  would  assure  stability  of  the  roau- 
-  bod  and  othor  structures  under  the  particular  permafrost  conditions  ox- 
istinfr  in  each  riven  case.  It  is  obvious,  therefore,  that  the  complox 
investigations  involved  in  tliis  stage  of  engineering  surveys  relate  only 
to  those  particular  areas  along  the  route  for  which  the  data  obtained 
during  the  previous  surveying  stages  were  inadequate  beenuee  of  the  - 
particular  complexity  involved.  The  investigations  cover  a  still 
narrower  belt  than  that  involved  during  the  preliminary  surveys,  but 
they  are  more  complete  and  precise. 

Such  investigations  should  be  made  in  cuts  (except  when  the 
cuts  occur  in  solid  rock,  stones,  gravel,  or  coarse  rubble),  in  swamps, 
and  within  boundaries  of  earth  fills  if  their  height  1b  Isos  than  the 
thickness  of  the  active  layer  in  the  given  locality.  In  addition,  such 
investigations  should  be  carried  out  at  the  sites  of  stations  and  within 
the  boundaries  of  road  structures  and  largo  structures  such  as  depots, 
roundhouses,  shops,  pump  houses,  power  stations,  etc.  Those  Investiga¬ 
tions  should  yield  data  which  would  facilitate  preparation  of  longi¬ 
tudinal  and  transverse  geological  proflloB,  These  profiles  should  show 
the  stratification  and  material  of  the  active  layer  and  pormafrost, 
the  natural  moicturo  content  at  various  depths,  and  the  distribution 
and  size  of  ice  lenses. 

Tho  final  complex  surveys  should  yield  exhaustive  data  re¬ 
garding  the  geology,  hydrogeology,  type  of  ground.,  and  pormafrost 
conditions  of  ihc  given  section  of  tho  projected  route.  These  data 
should  bo  adequate  for  preparation  of  construction  plana. 

3.  Aspects  and  Nature  of  the  Geological,  Hyurogoolotical,  Punna- 
-  -  frost,  and  hydrological  Surveys  ~  ■ 

The  geological  and  hydrogeological  surveys  comprise  the  following 
two  Objectives j  (1)  to  obtain  the  ordinary  data  necessary  for  selecting  a  ■ 


roadbed  and  other  structures,  and  (2)  to  obt Ain  special  data  "which  would 
facilitate,  the  roost  satisfactory  clarification  of  all  .the  properties  of.'  __ 
the  permafrost  in  the  re  pi  on  involved.  The  extent  and  nature~oir 
investigations  during  the  reconnaissance  and  preliminary  aljkgas  aro 
detonrined  in  accordance  with  the  instructions  in  Chapter  j&I-B.  Hie 
geological  investigations  during  the  final  surveys  should  provide  the"'  -  J 
followings  ' 

1,  A  geological  map  of  the  area  elon^  the  projected  route* 

42.  A  general  engineering  and  geological  deacriptiou  of  the 

region. 

3.  A  du tailed  and  sectional  geological  description  of  the 
route,  indicating  tho  depth  of  bedrock.  It  Bhould  include  geological 
profiler  of  the  sites  where  major  buildings  aie  planned.  It  should 
show  tho  topography  and  nature  of  the  locality*  vegetation,  surface 
cover,  as  well  as  the  type  of  ground  and  moisture  content  within  the 
active  layer,  the  talik,  and  the  permafrost. 

L.  " Information  about  the  physical  and  mechanical  properties 
of  tl>e  ground.  ■“  „  o 

5.  Dots  pertaining  to  the  level  and  regia®  of  supraporma- 
froet, intraperoafrost,  and  subpermafrost  watorB. 

6.  A  detailed  engineering  and  geological  description  of 
major  aiding  areas. 

7.  An  extensive  investigation  of  slopes,  particularly  if 
they  are  unstable,  including  lonpltudinal  and  tronsvorsa  geological 
profiles.  These  profiloo  should  extend  from  the  foot  of  the  slope  to 
the  crest,  or  to  the  point  where  the  slope  changes  into  a  flat  terrace, 

3.  A  detailed  description  of  tho  sources  of  construction  and 

LallaBt  materials  (stone,  gravel,  pobbla,  sand,  rubble,  clay',  limartono, 

'  f>f  ^ 

and  gypsum),  indicating  quantities  and  location  relative  to  tho  projected 
line.  In  the  case  of  permafrost  regions  and  mountainous  areas  with  narrow 
valleys  in  the  southern  portion  of  the  Far  East,  it  is  advisable  to  search 
for  construction  and  ballast  materials  on  the  plateaus  along  both  sides  of 
the  valley.  Here  old  river  deposits  of  sand,  gravel,  and  pebbles  often  are 
found  even  at  altitudes  of  200  to  300  m  above  the  valley  floor. 
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The  permafrost  studies  include-  clarification  of  all  those 
asps  etc  of  the  occurrence  of  permafrost  in  the  region  of  the  projected 
railroad  that  may  affect  the  choice  of  a  given  route,  the  design  of 
the  roadbed  and  other  structures,  and  the  use  of  special  measures  (drain¬ 
age,  etc.)  to  aB sure  .the  stability  and  Btrength  of  the  roadbed  and  other 
structures  erected  on  the  permafrbst.  Accordingly,  the  following  work 
is  involved!  .  • 

1,  Determination  of  the  nature  of  the  permafrost  (areal  con¬ 
tinuity,  sporadic,  island,  vertical  continuity,  layered,  imbedded  ice). 

2,  Determination  of  the  upper  permafrost  limit  and  the  thick¬ 
ness  of  the  active  layer. 

3,  •”  Determination  of  the  thickness  of  permafrost  at  particular 

points.  ~ 

L*.  ‘Compilation  of  a  map  of  permafrost  phenomena. 

Determination  of  the  areal  location  of  taliks  and“  perma¬ 
frost  islands. 

6.  Determination  of  the  extent  of  ice  lenses,  in  plan  and 

profile.  '  “ 

7.  Determination  of  the  temperature  of  the  active  layer  and 
permafrost  at  various  depths. 

All  these  geological,  hydrogeological,  and  permafrost  data 
can  be  obtained  by  means  of  surveys  within  a  wide  area  along  the  route,  . 
as  wel]  as  by  means  of  drill  holes,  test  pits,  electrical  measurements, 
other  suitable  field  methods  of  geological  investigations,  and,  finally, 
by  means  of  photography.  It  is  advisable  to  photograph  typical  or  parti¬ 
cularly  complicated  geological  phenomena  ldtich  cannot  be  readily  de¬ 
scribed. 

The  numoor,  depth,  and  location  of  drill  holes  and  test  pits 
depend  on  the  following  factors!  local  geological  conditions,  nature 
of  the  permafrost  (continuous,  containing  taliks,  sporadic,  layered, 
etc.),  type  of  pround,  type  of  structure  (fill,  cut,  culvert,  bridge, 
building,  etc.),  and  the  stare  or  the  complex  surveys  (reconnaissance, 
preliminary,  final).  It  would  generally  be  quite  advantageous  to  pre-  “ 
pare  a  special  set  of  instructions  for  investigations  under  such  conditions. 


L'eanv.hile  use  can  be  reads  of  the  manual  mentioned  previously,  prepared 
by, the  Academy  of  Sciences.  If  existing  structures  occur  along  the  route, 
it^ie  essential  to“ examlm, the®  ir.  accordance Jttith  the  instructions  pre¬ 
sented  in  the  appendix.  • 

The  objective  of  the  hydro logi c al  and  hydrogeological  investi¬ 
gations  is  to  obtain  data  pertaining  to  the  number  and  locnU.cn  of  water 
passages,  the  protection  of  the  roadbed  and  other  structures  a, ;ainat  sur¬ 
face  water,  and  the  problem  of  water  supply.  In  addition,  the  hydro- 
geological  investigations  should  yield  data  which  would  clarify  all  the 
aspects  of  permafrost  in  the  given  region,  as  well  as  the -related  physical 
and  dynamic  phenomena  in  the  active  layer  and  on  its  surface  .  To  ..obtain 
those  data  it  is  necessary  to  conduct  the  following  supplementary  investi¬ 
gations,  in  addition  to  the  investigations  involved  in  the  usual  engineer¬ 
ing  auryoysi  '  , 

1.  To  determine  the  winter  regime  of  rivers  and  the  depth  of 
freezing  of  streams,  as  well  as  the  duration  of  such  freezing  and  whether 
water  continues  to  flow  beneath  the  beds  of  streams  frozen  to  the  bottom. 
This  information  may  be  obtained  from  local  people,  if  any,  but  must  bo 
verified  by  winter  tests) 

2.  To  determine  the  general  regime  of  surface  water  in  the 

••  s> 

summer  and  winter) 

3-  To  do tormina  this  occurrence  of  river  icings,  their  origin, 
and  poseible  effect  oh  the  routine  of  the  projected  line)  "X. 

h.  To  determine  the  quality  and  quantity  of  water  and  avail¬ 
able  water  supplies  with  regard  to  suitability  for  drinking  purposes, 
locomotives,  and  construction) 

5.  To  determine  the  degree  of  aggressiveness  of  ground  water, 

so  that  suitable  measures  could  be  takep  to  protect  the  masonry  and  con¬ 
crete  parts  of  the  structure;  -  .  - 

6.  To  study  runoff  conditions. 

After  off ice  preparation  of  the  data  obtained,  it  is  essential 
to  compile  the  following  reports,  in  addition  to  those  normally  required 
for  preparation  of  engineering  drawings  and  those  required  by  various 
government  agencies  i  >•- 


■=-- •  — in- '■  •  SsGlcgical  scps  showing  permafrost  phenomena.; 
ir b.  A  topographical  map; 

j  c.  A  description  of  the  route,  comprising  Information  about 

the  aspects  of  eftglnoerlng  geology,  hydrogeology,  permafrost,  and  ground) 

d.  A  description  of  the  sources  of  construction  end  ballast 

materials,  .  .  '  .  . 

e.  A  geological. profile  of  the  route,  giving  oats-  about  perma¬ 
frost  and  ground) 

f. _  Tablos  of  test  pit  and  drill  hole  measurements,  containing 
data  about  the  permafrost) 

g.  Reports  and  data  pertaining  to  investigation  of  existing 
structures  and  prepared  in  accordance  with  the  special  instructions  pre¬ 
sented  in  the  appendix, 

h.  Special  Instructions  Regarding  Rational  Routing  of  the  Road 
in  Both  Plan  and  Profile 

The  fundamental  principle  underlying  the  following  instruc¬ 
tions  regarding  planning  of  the  right-of-way  is  propor  and  skillful 
selection  of  the  route.  The  factors  influencing  euch  selection  are 
the  conditions  of  permafrost,  geology,  and  hydrogeology,  as  well  as 
usual  economic .and  engineering  conditions.  These  instructions  are  of 
exceptional  importance  because  the  major  steps  to  control  the  harmful 
effects  of  permafrost  and  its  inherent  complications  should  be  taken 
before  tha  beginning  of  construction,  during  the  period  of  surveys  end 

v  '  s;  3  , 

planning  when  choice  of  proper  route  and  design  can  assure  strength  and 
stability  of  the  roadbed  and  other  structures  at  minimum  cost. 

The  type  of  ground  and  moisture  content  are  decisive  as  far 
as  choice  of  the  most  stable  route  is  concerned.  Therefore,  it  ie 
essential  to  select  areas  in  which  the  ground  would  bo  least  affected 
by  permafrost  phenomena.  Accordingly,  solid  rock  is  the  most  suitable 
ground  because  pormafrost  has  ho  harmful  effect  on  solid  rock  (with 
respect  to  construction).  Permafrost  lies  very  little  effect  oh  dis-  ... 
integrating  rock  and  on  bouldery  talus,  if  the  cracky  in  the  former . 
and  tha  spaces  between  individual  .boulders  in. the  latter. are.  not  filled 
with  f ine-taxturad  material. Of .course,'  economic  considerations  always 
are  an  important  factor.  '  ■  "  :  ’  .  '•  •’  '■ 


In  laying  out  a  road  under  ordinary  conditions, ^that  is,  out- 
aide  the  permafrost  region,  surveyors  endeavor  to  avoid  rooky  ground  be¬ 
cause  it  ific-i-easee-vcth  the  cost  and  duration  of  construction.  Some 
surveyors  tend  mechanically  to  apply  this  rule,  derived  from  accumulated 
experience,  to  permafrost  regions  without  taking  into  . consideration  the 

'  •  MU 

properties  of  permafrost  and  introducing  the  necessary  corrections.  let 
one  of  the  most  important  rules  in  laying  out  a  highway  or. railway  under 
pormafroet  conditions  is  to  select  a  route  tr_vori dug  the  driest  areaB 
containing  coarsa-taxtured  ground  (coarse  sand,  gravel,  pebbles,  rubble) 
or,  better  yet,  solid  rock.  Such  a  route  assures  considerable  stability 

-\v. 

of  the  roadbed  and  structures,  makes  construction  easier  and  cheaper,  and 
reduces  maintenance  costs. 

In  laying  out  a  road,  therefore,  it  is  essential  to  avoid 
areas  where  the  ground  consists  of  fine  sand  and  sandy  loam,  and  parti- 
.  cul&rly  silt,  because  these  materials  do  not  assure  stability  of  the  . 
structures.  When  comparing  variants  of  routes  in  permafrost  regions  on 
rocky  and  soft  ground,  the  following  should  bo  taken  into  consideration* 

1.  Fills  and  cuts  in  rocky  ground  ar'e  absolutely  stable  and 
do  not  require  any  special  measures  or  limitation  in  the  height  of  fills 
or  depth  of  cuts. 

2.  The  size  of  fills  and  cuts  in  rocky  ground  is  considerably 
smaller  than  in  soft  ground  because  the  slopes  can  be  steeper  and  the 
roadbed  can  be  norrowog.  Depending  on  the  nature  of  the  rook,  the  per¬ 
missible  slopes  irr  rocky  ground  ranpe  from  l.OiQ.5  to  l.Orl.l  in  tho 
case  of  cuts  and  from  1.0*1.25  to  I.OjO.75  in  the  case  of  fills,  while 
the  corresponding  slofg  in  soft  ground  in  the  permafrost  region  range 
respectively  from  1*2  to  1x5  and  from  1.0x1. 5  to  1.0i2.5,  or  maybe  even 
shallower.  It  may  even  be  necessary  to  resort  to  othor  costly  measures 
which  still  do  not  assure  stability  of  the  structure. 

3.  It  is  not  necessary  tc  stabilize  the  slojxes  of  rocky  cuts 

and  .fills,  while  such  stabilization  is  most  complicated  in  the  case  of 
soft  ground  in  the  ponssfrqst  region.  ^  . 

it.  Drainage  installations  can,  be  smaller  and  of  simplor  con¬ 
struction  than  it;  the  case  of  soft  ground.  ‘ 

5.  use  of  rocky  ground  Is  adv«Btsk»oUs  CocaUca 


it  ie  not  necessary  to  establish  any  quarries  in  order  to  obtain  material- 
i'or  cone rate  aggregate ;  for  masonry  ol  various  structurcej  for  riprapping 
slopes,  bods,  ditches,  and. -other  drainage  installations;  arid  for  use  as 
ballast.  ~ 

6.  Use  of  rocky  ground  eliminates  the  need  for  complicated, 
often  unreliable  and  yaiy  costly. special,  measures  to  uscur<j  stability 
of  the  roadbed,  which  artTessential  in  the  case  of  soft  rr~und. 

7.  The  effects  of  disturbed  permafrost  rerime  on  the  road- 
bed,  due  to “construction  of  the  roadbed,  are  nerllpible  in  the  caso  “ 
of  rocky  pmund. 

b.  Cuts  in  permafrost  require  the  use  of  explosives,  scr  that 
they  ars  as  costly  as  cuts  in  rod:.  It  is  possible  to  make  cuts  in 
permafrost  uoinp  gradual  thawing  with  solar  ho at  or  artificial  fires, 
but  ouch  operations  are  more  costly  than  blasting  of  cuts  in  rocks  be¬ 
cause  tho  process  is  complicated,  not  productive,  and  vury  slow. 

9.  The -soft  ground  axcavatod  from  cuts  in  frozen  ground 
often- is  unsuitable  for  use  in  fills,  which  increases  tho  distance 
and  volume  of  haulage  involved, 

10.  Proper  construction  procedures  provent  the  occurrence 
of  swelling  la  cuts  made  in  rocky  ground,  while  most  caroful  work  can¬ 
not  entirely  prevent  the  occurrence  of  swelling  in  cuts  made  in  soft 
ground.  It  is  known  that  control  of  swelling  in  i*jnaai'rost  1b  most 
difficult,.  ^ 

In  many  permafrost  resionB,  such  as  the  Far  East,  valleys 
and  watersheds  constitute  the  wettest  areas,' while  slopes ,  particu¬ 
larly  those  facing  south,  are  tho  driest  areas.  Bedrock  occurring  ,  .. 
close  to  or  at  the  surface  is  found  on  such  slopes  more  often  than 
in  valleya  or  watersheds.  Therefore,  it  is  advisable  to  route  tho 
road  along  tho  slopes  and,  in  comparing  variants,  to  consider  the  -  ■ 
advantages  inherent  in  slopes  facing  south.  This  roforonco  to  tl»u 
Far  East  indicates  that  tho -statements  pertain  to  the  region  of  tl»o 
Far  East  and  to  other  ^regions  having  analogous  geographical  and  geo¬ 
physical  conditions.  It  is  obvious  that  in  the  caso  of. other  regions 
it  is  necessary  to  take  into  consideration  the  characteristics  of 


these- rations.  In  the  north  of  European 'USSR,  for  example,  river  and  stream 
valleys  and  low  regions  in  gehovnl  constitute  areas  free  of  permafrost  or 
Where  permafrost  ,cc cure  at  a  depth  of  lr.oro  ihan~5  m.  "'In  this  ropion,  thoro- 
fo‘re7=pemixrmrc'  -cuRexderstions  make— ft  -  preferable .  tn_?nufco  the  road.alonr 
river  valleys  and  stream  jshoras,  avoiding  slopes  end  watersheds.  Xho  north 
of  Asiatic  USSR  has  its  own  pecularitiee.  iioro  constant  {ftronc.  vdtjds  'blow 
the  snow  off  elevations  and  windward  r-lopes  and  causa  it  to  acc.ir.ttlate  in 
depressions  and  on  lccwaVd  elopes.  Accordingly,  either,  conditions  being 
oqual ,  the  upper  permafrost  limit  occure  at  a  greater  depth  on  the  leeward 
slopes  than  on  the  Windward  slopes.  However,  it  is  not  Judicious  to  select 
a  route  on  the  basis.  ol"' this  factor  alono,  without  considering  the  othor 
factors  involved.  Since  the-.winde  during  blizzards  in  thia  region  reach  a 
velocity  of  2Cbto  itO  m  per  soc,  it  nay  be  more  difiicult  to  check  snow¬ 
drifts  than  to  counteract  the harmful af feat  of  tlie  permafrost.  This 
factor  should  be  taken  into  Consideration  during  route ^surveys .  Areae 
where  snowdrifts  occur  should  bo  avoided  even  if  it  involvec  routinp  the 
road  alonr  slopes  with  shallower  permafrost  level  and  less  satisfactory 
ground  material.,  Similarly,  in  the  case  of  subarctic  regions  where  the 
summer  sun  does  not  rise  him  a;ove  the  horizon  and  completes  a  nearly 
circular  orbit  around  it,  the  north,  eouth,  oast,  and  west  slopes  are 
heated  nearly  equally.  Therefore,  it  is  no  longer  essential  to  routo 
the  read  preferably  along  sunny  slopes.  ••• 

The  foregoing  discussion  reompbacizoc  the  basic  concept  of  this 
text  that  negative  effects  of  iiotBafroet  can  be -counteracted  only  by  means 
of  exhaustive  studies  of  all  local  conditions  in  the  course  of  the  ourvoys 
and  by  moans  of  a  sorioE  of  measures  adc-ptof’  during  construction.  Accord¬ 
ingly,  tho  entire  Chapter  III  (particularly  Section  C~lt)  aifte  at  emphasizing 
the  fact  that,  in  order  tv  detain  a  construction  site  or  route  on  which  the 
Structure  or  road  would  be  most  stable,  it  is  necessary  to  consider  carefull; 
all,  local  specific  properties  and  ail  probable  maintenance  problems,  while 
making  a  thorough  onri neorinr  'ind  economic  analysis  of  all  data. 

■j!  v  ‘  »■",  s  * 

In  laying  out  a  road,  it  is  .usually  judicious  to  avoid  areas 
containing  imce&ied  Ice  or  Ice  lenses,  as  well  as  areas  in  which , river, 
ground,  pr  spring  icings  occur.  Such  ar-.-as  Ore  particularly  unsuitable 


locations  for  either  larne  or  small  depots  and  stations.  largo  Btatione 
should  be  located  on  areas  where  the  bedrock  is-nearoct  the  surface 
(not  more  than.  5  m  deep).  ' 

With  regard  to  the  1  onpxtud n&t  pr^cauu  ui  wnS  rcutSj  it — i®. _ 

advisable  (not  Imperative )  to  lay.  out  the  road  in  such  a  tray  that  would 
involve  use  of  few  cuts  in  frozen  ground  and  relatively  low  fills,  2  to 
5  m  highr  in’ the  Cano  of  rround  coneistinp -of  medium  sand...  fine  Band,  oi 
loam.  Ugo  of  cuts  in  permafrost  constating  of  Bllty  material  should 
definitely  be  avoided.  Unloss  the  material  involved  Is  stone,  travel, 
or  coarse  sand,  the  height,  of  fills  should  bo  not  less  than  2  m  in  ordci 
to  avoid  swollinp  which  may  occur  In  a  low  fill  due  to  saturation  by 
capillary  action. 

If  the  permafrost  level  is  hiph  and  tire  active  layor  is'ex- 
cessively  wet;  fills  of  earth  material  should  Too  not  more  than  £  m 
hiph  because  their  slopes  tend  to  Blido.  The  hnir,ht  of  a  fill  in  such 
areas  should  bo  not  greater  than  the  thickness  of  the  active  layer  in¬ 
volved.  1'oraover,  the  permafrost  beneath  a  hiph  fill  tends  to  rise  and 
if  special  measures  are  not  takon,  penetrate  into  the  fill  itoalf  in  th 
form  of  a  longitudinal  hump  with  stoop  side,  slopes  alonr  which  the  side 
of  the  fill  may  slide  and  cause  complete  deformation  of  the  fill.  If  t 
height  of  the,  fill  does  not  exceed  too  thickness  tl  the  active  layer  in 
volvod,  the  upper  permafroGt  limit  dooa  not  riso  above  the  natural  gi\>u 
-surface,  fills  consist! np  of  rock  and  boulders  may  bo  of  any  height  be 
cause  such  material  drains  wall  and  the  fills  do  not  become  saturated  n 
wator,  do  not  swell,  are  not  subject  to  soiifluetion,  and  do  not  ddsint 
prate  upon  settling.  Accordingly,  no  limit  it.  imposed  on  the  height  oi 
such  fills. 

Cuts  in  rocky  or  stony  ground  may  to  of  any  desirod  dojjth. 

If  it  is  impossible  to  avoid  cuts  in  fro;en  earth,  material,  tho  road 
should  be  laid  out  in  such  a  way  that  the  bottom  of  the  cut  would  not 
penetrate  into  the  permafrost  or  even  approach  the  uppor  permafrost 
limit.  In  tho  case  of  a  thick  permafrost  layor  occurring  deep,  below 
the  surface,  the  bottom  of  the  cut  should  bo  located  atore  the  uppor 
permafrost  limit  a  distance  equal  to  the  depth  of  summer  thawing  in  th 


y  thin,  no  that  such  an 
ay  nut  tho  rood  in  ouch 


given  area,  If  the  permafrost  layer  is  relative 
arrangement  is  not  feasible,  it  in  necessary  to 
a  way  that  the  bottom  of  the  cut  would  be  below  the  uppor  permafrost 
-limits  These  laat^two  requirements  aro  motivated  by  the  fact  that  the 
bottom  of  the  cut  should  be  stable,  and  should  neither  settle. nor  swell. 
In  many  cases  it  is  more  advantareous  to  relocate  the  line  in  ordor  to 
satisfy  the  requirements  r, f  stability  than  to  take  special  mon-n'es  for 
stabilizing  the  bottom  of  the  cut.  Cl  course,  tnis  involves  ccraful 
consideration  of  all  factors,  including  the  envinuorinp  and  economic 
aspects  of  theoproblom. 


.  The-  extent  of  deformation  of  cuts  has  been  amply  illustrated 
and  described  previously  Another  example  of  tho  difficulties  which  may 
arise  in  such  cuts  is  shown  in  Fit'*  63  and  described  in  the  corresponding 
text.  The  description  indicates  that  it  WaB  nocoBaory  ultimately  to  aban¬ 
don  the  cut  and  route  the  lino  alone  its  lower  ohoulder. 

In  tho  case  of  r^n,  it  is  recommended  to  uso  only  fills  because 
excavation  of  cats  is  extremely  difficult.  The  rare  cases  of  shallow  mari 
overlying  ro 'k  on  <>‘1  <pos  or  in  narrow  watersheds  constitute  an  exception. 

It  is  entontial  to  avoid  laying  out  a  road  over  imbedded  ice 
(ice  lenses),  the  thawing  01  vhjch  may  cause  considerable  settling  of  the 
natural  ground  surface.  Inis  is  particularly  valla  in  tho  case  of  thick 
layers  of  imbedded  ice  or  extensive  lenses.  In  special  cases  In  which  tho 
projected  line  is  subject  to  such  conditions,  uso  should  be  made  of  fills 
only.  This  refers  to  oases  whore  the  imbedded  ice  occurs  at  a  relatively 
shallow  depth  (sovural  re tore/  and  where  the  thickness  of  the  wound  layer 
overlying  the  ice  tends  tm  conserve  the  ice.  In  tbii  case,  melting  of  the 
lea  and  settling  of  the  ground  would  result  from  more  removal  of  the  moss 
or  vegetation  cover.  It  le  readily  understood,  therefore,  that  cuts  can¬ 
not  be  used.  Tho  fill  should  be  sufficiently  hlph  to  assure  conservation 
of  tho  ice.  The  topography  of  imbedded  ice  usually  makes  such  an  arrange¬ 
ment  feasible. 

It  is  advisable  to  locate  railroad  stops  on  shallow  slopes,  pre¬ 
ferably  those  facing  south,  and  primarily  on  fills  not  over  2  m  high.  In 


the  case  of  rocky  or  stony  ground,  however,  guch  stops  nay  be  located 
in  cuts  or  on  areas  consisting  of  both  cuts  and  fills.- 

CHAPTER  IV 
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A- -Construction  L'sthods  and  Their  Application 

Erection  of  any  kind  of  structures  and  development  of  new 
regions  result  in  disturbance  of  the  natural  and  historical  regimes 
of  the  permafrost.  The  permafrost  may  vanish,  recede,  remain  con¬ 
stant,  or  even  rise  and  approach  the  ground  surface. 

A  change  in  position  or  state  of  tho  permafrost  Is  of  groat 
importance  in  construction  because,  as  previously  established,  thawing 
of  the  permafrost  at  the  base  of  a  structure  erected  on  frozen  ground 
causes  deformation  and  even  collapee  of  the  structure.  It  is  essential, 
therefore,  to  make  advance  analysis  of  the  probable  stability  of  the 
structure  under  conditions  that  would  exist  after  construction  has  been 
completed.  On  the  other  hand,  the  fact  that  tho  uppor  permafrost  limit 
may  rise  or  fall,  depending  on  exietlng  external  conditiono,  indicates 
that  it  is  feasible  to  some  extent  to  control  the  position  of  this 
limit  or  to  maintain  it  within  certain  bounds  with  respect  to  itB  nor¬ 
mal  position.  The  mechanical  strength  of  permafrost  in  its  frozen 
state  is  very  hiph,  so  that  it  is  obviously  desirable  to  utilize  the 
permafrost  as  a  base  for  structures. 

Accordingly,  it  is  necessary  to  develop  special  construction 
methods  for  this  permafrost  region.  These  methods  are  designed  to  utiliz 
the  positive  properties  of  the  permafrost,  and  to  taka  into  conolderntlo 
its  peculiarities  and  phenomena  which  result  In  conditions  causing  strut 
tural  deformation.  03T  iianual  Ko.  90032-39  rocoteonds  the  following  tw 
construction  methods,  or  two  methods  of  foundation  design.  These  method 
depend  on  the  geological,  ■  hydrogeolcrical,  climatic,  jnd  parnaf root -Con¬ 
ditions  of  the  given  area,  as  well. as  on  tho  nature  of  the  construction 
s.its  and  the  temperature  regime  and  design  of  the  structures  involved. 

1.  The  first  method,  method  A  or  the  passive  method,  involves 
conservation  ef  the  permafrost  at  the  base of the 'structure. ' ^  r  " 


2.  The  second  method ,  method  3  or -the  active  method,  allows 
for  disturbance  of  the  frozen  state  of  ground  at  the  base,  tut  makes 
provisions  in  the  structural  design  to  compensate  for  settling  during 
thawing.  v. 

The  advantage  of  the  first  method  is  unquestionable  in  all 
cases  where  conservation  of  the  permafrost  can  be  assured.  7::in  method 
is  applicable  primarily  in  the  northern  permafrost  regions  tut  'may  be 
used  in  tho  southern  regions  as  well.  At  Skovorobino,  for  example,  it 
provod  feasible  to  conserve  the  permafrost  and  oven. raise  its  upper 
limit  beneath  several  wooden  buildings.  Except  in  the  case  of  heating 
plants,  boiler  houses,  and  othor  structures  radiating  larg/i;  quantities 
of  heat,  the  passive  construction  method  may  to  applied  to  all  types  of 
buildings  if  the  permafrost  is  thick  and  stable  and  if  the  temperature 

of  tho  ground  at  the  design  levol  of  the  foundation  base  is  not  above 

-0.£°  C,  provided  a  ventilated  air  space  Is  used. 

It  is  theoretically  feasible  to  conserve  the  permafrost  be¬ 
neath  buildings  radiating  much  heat.  In  practice,  however,  Buch -con¬ 
struction  is  complicated  and  costly  because  it  involves  arrangement- 
of  a  ventilated  air  space  which  extremely  complicates  tho  design  of 
uudi  structures,  and  because  it  involves  a  series  of  special  insulating 
operations.  The  need  for  a  ventilated  air  space  iroposos  considerable 
limitations  upon  the  passive  method  of  construction;  however,  an  air 
space  is  inevitable  in  common  construction. 

It  was  explained  In  Chapter  II  that  thawing  of  the  permafrost 

at  the  base  or  a  structure  is  due  to  the  fact  that  loth  the  foundations 

and  the  entire  m.-isc  of  the  .structure  radiate  heat  through  tho  floor  to 
the  permafrost,  Hie  latter  Bcurce  ol  heat  may  be  more  effective  than 
U*  former,  --heat  transfer  into  the  ground  may  be  quite  extensive, 
particularly  if  the  floor  of  the  building  rests  directly  on  the  ground,' 
and  .cannot  be  counteracted  by  the  cold  of  the  air  because  the  ground 
beneath  the  building  is  [rotected  by  the  building  itself.  It  is  ob¬ 
vious  that  under  ouch  dominion?  the  heat  may  penetrate  quite  doop  irto 
tho  ground.  •  _  .  •  ’ 


According,,  to  engineer  V.  A.  Byalinitsky,  a  'q^rtain’  multilevel 
railway  depot  radiates  2,700,000  kg-cal,  or  13C  cal  per  sq  m  of  floor 
space,  into  the  ground,  from  each  level  every  2L  hr.  The  permafrost 
_bshBUtir~tiiis  'building  thawed-  bo  a  depth  ~IG  m.  Byallr  ilteky  cor  r o  c  tly 
remarks  that  use  of  slag,  peat,  or  mother  insulating  layers  would  be  of  1" 
"no  value  because  any  insulation  would  only  retard  the  thawing  but  would 
not  reduce  its  extent.  "  ^ 

Tho  situation  would  be  quite  different  if  tho  hoat  radiated 
through  tho  floor  could  be  channeled  away  before  it  reached  the  rround. 

A  ventilated  air  space  haa  precisely  this  effect.  Such  an  air  space 
•mokes  it  possible  to  maintain,  beneath  the  floor  of  the  building,  a 
winter  temperature  differing  little  from  the  temperature  of  tho  out- 
aide  air.  The  stunner  temperature  in  tho  air  space  is  positive,  but 

-  o 

it  is  lower  than  the  outside  temperature.  In  this  case,  lees  hoat 
and  almost  as  much  cold  penetrates  into  the  protmu  Uaneuth  the  buildings 
As  a^  result,  the  upper  permafrost  limit  may  rise,  which  actually  hap¬ 
pened  in  the  case  of  a  number  of  buildings  at  Skovorodino.  * 


..  .  Conservation  of  permafrost  beneath  buildings  can  bo  achieved 

by  means  of  artificial  freezing,  but  Uqo  engineering  and  economic  as¬ 
pects  of  this  method  have  not  been  sufficiently  developed  as  yet,  al¬ 
though  use  of  this  method  .seems  quite  suitable  in  somo  caseB.  It 
would  be  valuable  and  timely  if  designers  investigated  these  prob¬ 
lems  and  developed  some  practical  methods.  U.  I .  unrin,  K.  U.  Krylov, 
and  N.  G<.  Trupak  have  advanced  sons  particularly  interesting  ideas  and 
recoEaendations  in  this  field  Liu]  .  Thb  Concept  of  "thick  layer"  of 
permafrost,,  which  ivi  a  requisite  for  applying  the  passive  method  of 
construction,  is  not  wall  defined.  However,  taking  into  consideration 
the  thickness  needed  to  sink  foundations  .  into  permafrost  and  tiie  possi¬ 
bility  that  tho  upper  portion  of  this  layer  would  thaw  after  an  area 
has  been  developed,  it  may  be  assumed  that  a  layer  ?•  to  13  m  thiol;  Is 
approximately  adequate,  although  a  layer  IS- to  20  m  thick-  should  be 

J  “  l'-  „  :  -  ; 

the  criterion  in  the  case  of  large  structures.  The  allowable  minimum 
negative  temperature  of  the  permafrost,  specified  previously  as  -0.£°  C 
•is  eU  ictly  r*’*tiv*  -r.dhr.s  nr-  thaorctical  bids,  it  should  be.  noted. 


ion 

however,  that  relatively  extensive  plastic  deformation  of  the  frozen  base 
may  occur,  and  the  permafrost  would  not  be  stable  and  would  readily  thaw 
at  temperatures  . above --O.S>°  C. 

Despite  the  fact  that  the  passive  construction  method  is  re¬ 
commended  by  the  OST  Manual  and  despite  the  preceding  discussion,  it 
should  he  noted  that  this  method  has  "been  verified  in  practice  over  a 
relatively  long  poriod  of  time  only  in  the  case  of  Brnall  wooden  struc¬ 
tures-  The  behavior  and  stability  of  large  masonry  structures  with 
i,  ventilated  air  spaces  have  not  yet  been  fully  determined  in  practice, 

although  theoretical  considerations  lead  to  the  belief  that  the  passive 

method  is  entirely  feasible  in  the  case  of  Buch  structures  also. 

"  /  . 

It  is  probable  that  the  second  construction  method  can  bo 
applied  in  a  few  cases  where  settling  is  small  and  the  structures  are 
of  special  design,  since  item  26  of  OST  Manual  90032-39- specified  that 
this  method  should  be  used  in  the  caaa  of  "structures  so  designed  that 
they  may  reasonably  well  withstand  uneven  settling  resulting  from  non-  -  -  i 

uniform  thawing  of  the  ground  beneath  various  partB  of  the  building." 

Most  ordinary  brick  structures  cannot  withstand  considerable  u 

settling,  and  corresponding  improvement  in  their  design  necessitates 
Special  and  costly  arrangements.  The  few  attempts  along  this  line  wore  { 

costly  and  proved  unsatisfactory.  Frame  structures  cannot  readily  be 
designed  to  withstand  settling,  except  in  the  caBe  of  steel  frames 
and  when  it  ie  feasible  to  regulate  the  height  of  the  columns,  which 
is  also  costly  and  difficult.  Moreover,  automatic  regulation  of  the 
elevation  of  frame  elements  is  feasible  only  within  relatively  narrow 
limits,  while  settling  due  to  thawing  of  the  ground  usually  is  con¬ 
siderable’.  .  - 

In  spite  of  the  fact  that  the  shapes  of  such  structures  have 
not  been  worked  out  as  yet  and  have  nojt  been  tested,  it  is  necessary 
to  consider  the  fact  that  such  structures  are  theoretically  feasible. 

This  is  corroborated  by  the  fact  that  buildings,  designed  to  withstand 
=  considerable  settling,  have  been. erected  on  loess  and  proved  satisfac¬ 
tory  [15.  page  <131  »  It.  is  true  that  the  conditlons  differed  from 
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those  existing  in  the  case  of  permafrost,  but  the  example 'is  pertinent 
because  of  similarity  with, respect  to  considerable  settling.  Accordingly, 
the  second  construction  method,  which  is  more  theoretical  than  practical, 
will  probably  find  relatively  limited  application.  Satisfactory  examples 
of  practical  application  of  this  method  are  not  available  as  yet,  even 
in  the  case  of  small  structures,  except  for  a  few  buildings  on  crib 
foundations  which  are  no  longer  popular  because  their  stability  la  un¬ 
certain.  It  is. difficult  to  recommend  this  method  for  relatively  im¬ 
portant  structures.  It  is  preferable  to  avoid  this  type  of  design, 
except  in  cases  where  the  ground  is  not  supersaturated  or  does  not  . 
contain  moro  than  30  por  cent  moisturo  by  weight,  and  consists  of  coarse 
sand,  gravel,  or  pebbles.  This  method  cannot  be  recommended  for  ground 
consisting  of  fine-textured  material,  unless  special  investigations, 
testa,  and  calculations  prove  that  settling  will  be  slight  and  will  not 
cause  excessive  stresses  in  the  structure.  This  is  p  ssible  only  if 
the  aforementioned  types  of  ground  contain  little  moiitura. 

Construction  of  a  certain  electrical  power  station  is  an  »  . 
example  of  the  feasibility  of  this  method  in  the  case  of  sandy  ground 
containing  little  moisture.  The  boiler  room  was  bui_t  in  1930.  In¬ 
vestigations  and  tests  showed  that  the  site  of  the  prr jectod  boiler 
room  was  underlain  by  a  layer  of  frozen  sand  at  a  depth  of  about  ?  m 
and  possessing  rood  construction  properties.  Accordingly,  the  founda¬ 
tion  was  designed  in  the  form  of  columns  rosting  on  a  continuous  re¬ 
inforced  concrete,  slab  35  cm  thifck.  placed  on  a  thin  layer  of  tamped 
gravel.  The  slab  was  covered  with  well-tamped  sandy  loam  and  a  layer 
of  sand.  Until  1933  the  building  had  not  deformed.  It  is  not  known 
whether  the  frossn  base  has  thawed,  but  it  should  be  assumed  thooret-  7 
ically  that  thawing  did  occur.  L.  • 

It  is  advisable  to  motion  hBre  another  (a  third)  construc¬ 
tion  method,  although  the  GST  Uanual  does  not  refer  to  any  third  method. 

This  met!  od  involvos  artificial  elimination  of  iho  oritiro  permafrost  or 
part  of  it  prior  to  construction.  The  extent  to  which  the  permafrost 
is  eliminated  is  such  that  construction  con  proceed  as  if  bn  ordinary 
thawed  ground.  It  is  obvious  that  this  method,  like  the  preceding  two 


methods,  Is  feasible  crly  under  overall  favorable  conditions.  It  should  be 
noted  that  this  method  has  not  been  applied  in  organized  and  well-planned 

operation? - _ However,  a  certain  amount  of  indirect  data  pertaining  to  this 

method  are  available,  and  this  method  is  theoretically  feasible  and  even 
advisable.  '  -  . 


Construction  precedad  by  elimination  of  the  permafrost  is  both 
economical  and  feasible  In  cases  where  the  tejqperature  of  the  psmairoat 
as  near  zero,  ac'hsell  as  in  oases  of  layered  permafrost  consisting  of", 
thin  layers,  sporadic  permafrost,  and  providing  excess  moisture  can  be 
removed  from  the  ground.  The  permafrost  can  be  eliminated  in  some  cases 
by  moans  of  preconstruction  thawing  utilizing  solar  heat,  which  involves 
rumovinr  the  surface  cover  and  exposing,  the  surface,  as  well  as  by  moans 
of  melioration  and  drainage.  The  permafrost  can  be  eliminated  in  other 
cases  by  moans  oi  steam  injections  provided  that  it  is  possible  sub¬ 
sequently  to  remove  from  the  thawed  layer  both  the  original  ground  water 
and  tho  water  condensed  from  the  steam.  Erecting  a  structure  might  be 
feasible  alter  tho  ground  has  thawed  to  the  required  depth,  has  eettlod, 
and  the  water  flowed  away  or  has  been  removed  from  the  ground.  Tills 
method  is  hardly  feasible  in  the  case  of  f ine-texturod  ground  which  is 
supersaturated  and  does  not  readily  yield  the  water. 


There  are  particular  cases  whore  construction  of  foundations 
is  feasible  regdrdleee  of  the  permafrost.  Ono  such  case  is  nhor.  frozen 
or  unfrozen  solid  i^ck  or,  if  tho  permafrost  layer  is  thin,  even  good 
thawed  ground  liavhir  high  bearing  capacity  occur?  at  u  depth  of  H  to  1?  to 

below  tho  surface."  In  erecting  on  important  structure  under  such  condl- 

\\  - 

tions,  it  is  advisable  to  avoid  shal long  foundations  on  permafrost  and  to 

Vn  -  t>  ' 

utilize  tiiu  underlying  rock  or  thawed  layer  os, a  base.  The  foundations 
are  uroeto/l  on  sunk  wells  which  .arc  prepared  by  moans  of  steam  points. 
Figure  il  ir  a  diagram  of  such  an  arrant, omont.  -  - 


*  i  iU  VJMUi  Ui-UMIP 


^  This  typo  of  dosi^n  wna  ucftc  on  ono  project 

involved  were  df  iollows.  The  buildini'  was  to  to  located  on  a  flood- 
plain  The  area  was  a  mar  with  sparse  scrul  .  The  roclopical  section 
was  allows j  a  £0  to  30  -cm  vegetation  layer  underlain  by  a  1.1$  to 
1  >'  v-s  layer  r-f  supersat.urnted  very  fino  yellow 
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••Crystal's  j  'beneath  this  layer  was  a  ?.C  to  5*5  "  '£'ki\&  layer -of  various 
grain  size')  saturated  with  ice  and  containing  a  small  amount  oi'  (travel } 
the  lowest -layer,  occurring-  at  a  depth  of  7.0  to  7.5  in  below  the  ground 

surface.,  consisted  of  highly  ! insured  hornblende  reck.  _  A  fill  was  ue- _ 

posited  over  the  entire  area.  Its  thickness  at  the  iyil  'ing  site  was 
1.5  m.  It  was  decided  to  sink  the  foundations  to  bcdrj.-t.  The  founda¬ 
tions  were  designed  in  the  form  of  sunk  wells.  It  was  pr.r'ospH  to  sink 
these  well c ,Ly  steaming  the  permafrost  with  steam  points  and  subsequently 
removing  the  thawed  liquid  ground  by  a  suction  dredge. 

Under  analogous  conditions  it  would  be  quite  suitable  to 
arrange  the  "foundations  on  piles  driven  to  bedrock  (Fig.  72).  _Tliis  ,is 
much  cheaper  than  sunk  wells.  The  piles  may  be  timber,  reinforced  con¬ 
crete,  or  steel,  depending  upon  local  conditions.  The  tubular  steel 
piles,  widely  used  in  the  United  States,  are  highly  recommended  for 
-use  in  cases  similar  to  that  under  consideration,  that  is,  when  the 
pile  has  to  pass  through  an  unsuitable  layer  oi  weak  ground  and  rest 
on  bedrock.  Those  piles  are  hollow  steel  pipeB  vdth  closed  onds, 
driven  to  the  bedrock.  The  ground  is  removed  from  the  pipe  by  washing 
or  compressed  air  j 16 j  ‘ ,  and  then  the  pile  is  filled  with  concrete. 

Thu  pile  diameter-ranges  from  25  to  50  cm.  Tho  wqll  thickness  ranges 
between  7. and  15  nrn.  The  maximum  longth  of  a  pile  is  30  m.  The  pilo 
is  made  up  oi  standard  pijje  soctions  7  m  long.  Tlieso  stool  pipes, 
filled  with  concrete,  have  a  high  load  capacity.  American  standards 
permit  a  load  of  Hi  tons  per  pilo  resting  on  bedrock. 

Fi.vuro  73  shows  pile-driving  operations  on  building  construe- 

h  j 

tior.  in  America.  Numerous  cylindrical  piles  readied  for  driving  are 
seen  in  the  i wro^rgund  near  the  group  ol  upright,, piles.  It  is  of  in¬ 
terest  to  note  that  a  certain  bridre  with  ten  spans  of  12  m  each  is 
resting  on  stool .pipes  (d  »  20  cm)  filled  with  concrete.  The  piles 
are  driven  into  tho  river  bod  to  bedrock. 

The  following  two  mn.ior  causes  of  deformation  of  various 
structures. were  established  in  Chapter  II:  (I)  thawinr  of  the  perma¬ 
frost  at  the  and  (2)  swelling  of  the' active  layer.  All  of  the 

..construction  rai  thuds  uiscuasod  are  viourly  arc  re  da  signed,  ..to.  counteract 
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the  first  cause  of  structural  deformation,  or  thawinp,  and  are  not 
related  to  the  aspect  of  swelling.  Accordingly,  whichever  construc¬ 
tion  method  is  used,  it-. is  necessary  to  take  into  consideration  the 
swelling  of  theV active  layer  and  to  take  propor  measurca^td7  avoid  de-  ---=-= 
formation  duo  to  sv/cilinf.  Those  measures  will  be  discussed  in  Chap¬ 
ter  17— B 

Tno  possibility  and  feasibility  of  using  a, given  construe,  - 
tion  method  should  be  established  in  each  concrete  case  after  caroful 
study  of  tho  building  site  with  respect  to  local  permafrost  conditions 
and  nature  of  the  structure,  and  after  careful  analysis  of  all  economic 
and  engineering  aspects  involved.  The  iollowine  excerpts  pertaining  to 
construction  methods  arc  taken  'r-m  OST  manual  tou32-39« 

\ 

OST  No.  90032-39 

V.  IBINCIPLES  OF  DESIGN  OB'  BASDS  Ai.D  FOUNDATIONS 

21.  In  desiioiinir  foundations,  it  is  necessary  to  consider  the 
changes  r.n  ground  conditions  find  permafrost  regime  which  remit  from 
developmji.t  and  utilization  of  the  area  ar.d  which  usually,  cause  lower¬ 
ing  oi  tho  upper  permafrost  limit.  This  involves  consideration  of  tho 
effect  upon  ground  tuxp»raturo  duo  to  the  structures  themselves  as  well 
do  i’.^r  surface  and  subsurface  factors  such  ab  water  mains,  canalization, 
destruction  of  vopotntion  and  snow  covers,  grading,  drainage  ditchoo,  etc, 

22.  One  of  tho  following  two  methods  of  foundation  design  may  „ bo 
used,  depending  upon  geological,  hydrogeological,  climatic,  and  permafrost 
conditions  of  the  area  involved,  as  well  as  thocnaturo  of  the  construction 
sito,  and  the  temperature  regime  and  design  aspect  of  the  structures: 

.^Method  A,  or  the  pasfivo  method,  involvos  conservation  of  the 
permafrost,  nuar  and  beneath  the  structure; 

•ft 

Method  Is,  or  the  active  method,  involves  disturbance  of  the 
{jcnuafroot  near  and  beneath  the  structure,  but  adapts  tho  design  to 
allow  for  settling  during  thdwing. 

—  -  53.  Conservation  ol  permafrost  may  bo  assumed  if  the  purmafroct 
is  thick,  continuous,  and  has, a  low  tempura lure,  and  if  tho  structure 
does  not  radiate  much  haaW  In  this  case  the  design  may  be  basod  on 
method  A.  In  the  caso  of  workshops  radiating  much  boat,,  the  use  of 

method  A  requires  special  rtaasuros  for  permafrost-  conservation. 

'/  "  -  -  ■  -  -  .  ■ 

2i*»  It  is  difficult  to  conserve  the  permafrost  t<enecth  heated 
buildings  if  the  permafrost  is  thin,  sporadic  or  layered,  and  has  a 
temperature  near  zero.  In  this  case,  therefore,'  tho  do  aim  is  based 
or*  tho  assumption  tliat  tho  permafrost  beneath  the  building  will  grad¬ 
ually  UiuW  and -that  uneven  of theyf  cundations  will  r03u.lt,  so 

that  reth-.Hi  f«  is  cuitaiia. 


113 


2s.  The  following  steps  are  recommended  in  the  case  of  a  structure 


erected  in  accordance  with  method  A:  >■-, 


(a)  To  provide  an  air  space  beneath  the  floor,  ventilated  in 
the  winter  and  enclosed  in  the  summer,  with  proper  insulation  of  the  .. 
skirting  and  creosoting  ,of  the  wooden  parts.  This- space  should  be  at 
-_n jiigh.^_In  the  case  of  important  structures,  this  height 
should  be  checked  by  means  of  thermodynamic'7 co mput ati ona .  ~  ■  === 


(b)  To  build,  the  foundations  in  the  form  of  separate  support's 
(columns,  footings,  etc.)  sunk  into  the  permafrost  and  having  a  minimal 
cross  section  satisfying  load  and  design  conditions.  ■  >  ' » 


(c)  To  use  foundation  materials  of  lowest  heat  conductivity 
and  to  apply  insulating  layers,  so  as  to  reduce  the  transfer  of  heat 
to  the  subprrde . 


(d)  To  cover  the  ground  surface  near  and  boneath  the  Luilding 
with  a  protective  layer  of  material  that  does  not  conduct  heat  (ash, 
slap,  peat,  etc.)  and  to  construct  dikes  and  troughs  to  divert  the 
surface  water  from  the  structure. 


(a)  To  insulate  the  underground  steam,  sewage,  and  water  ^  - 

mains  near  the  building,  so  as  to  eliminate  their  effect  on  the  penma-  f- 
frost  beneath  the  building. 

(f)  To  discharge  tho  industrial  as  well  as  household  water 

far  from  the  building,  so  that  the  water  would  not  seep  into  the  ground 
near  the  foundations.  ‘ 

(g)  To  moke  all  foundation  excavations  when  tho  ambient  tompora- 
turc  in  bolow  zero,  so  that  tho  foundations  would  bo  placod  on  frozen 
ground.  Prefabricated  foundations,  requiring  only  assembly,  are  pre¬ 
ferable. 

26,  Method  B  is  used  when  tho  design  of  tho  structures  allows 
for  nonuniferm  settling  that  may  result  from  unoven  thawing  of  the 
ground  beneath  various  parts  of  tho  structure.  The  probable  extent 
of  Bottling  is  determined  from  tests  on  the  permafrost  of  the  founda¬ 
tion  base.  These  testa  should  be  conducted  in  accordance  with  tho 
specifications  givon  in  sections  ITI  and  IV-  of  the  OST  specifications. 

u-  '  27*  When  motliod  B  is  used,  tho  thawing  process  should  bo  retarded 
in  order  to  obtain  more  uniform  thawing  of  the  permafrost  beneath  separate 
fihfls  of  the  structure.  This  retardation  ia  accomplished  by  moans  of  the 
measures  presented  in  item  2r  above.  .  <• 

2?.  Various  methods  can  be  used  to  decrease  tho  nonunifomiiy 
of  settling,  They  arc  os  follows!  placing  sand  mats  boneath  tlw  founda¬ 
tions,  using  rrillape  foundations  or  foundations  with  continuous  concrete 
or  reinforced  concrete  slabs,  using  piles,  etc. 

;  In  order  to  reduce  t he  effect  on  nontinlform  settling  up>n 

buildings,  it  is  advisetlle  to.,use  a  design  that  would  permit  jacking 
up  of  individual  parts  that  have  settled. 

30,  Method  B  should  be  used  ir.  the  case  of  ground  that  does 

wit.  -liiOft Jcfl-  flteiirriA.rnr :  1  biisbs-.  .  |^iQh  .tiittya  CjC uUT t  tilOO.  ,  1  ~ 


may  be  .applied  only  in  exceptional  cases  where  the  structure  is  capable 
of  withstanding  considerable  r.onuniform  settling  (tens  of  cr,). 

31.  An  insulating  layer  should  be  placed  between  the  permafrost 
and.  the  freshly  poured  concrete. 

cTT  "Th8tructir3ha  aiid  uonBiderat  ionyflsg ardlng  S tsble^Csnstruo tfon^of  : 

Buildings 

1.  General  Consideratione 

Regarding  the  aspect  of  stable  construction  on  permafrost,  it 
is  necessary  again  to  note  that  such  construction  is  feasible  only  as  a 
result  of  a  complex  of  measures  comprising  the  following!  (1)  careful 
investigation  and  survey  of  local  conditions  in  accordance  with  a  given 
project,  (2)  proper  selection  of  the  construction  site,  (3)  proper 
selection  of  thermotechnical  measures,  and  (4)  rational  choice  of  design 
and  layout.  "  i: 

Jf  It  is  advisable  to  construct  in  such  areas  whero  permafrost 
is  absent  or  occurs  at  auch  a  depth  that'  it  does  not  affect  the  laying 
of  foundations.  Wherever  tho  permafrost  1b  underlain  by  rock,  the 
foundations  should  be  based  on  the  rock  even  if  it  i3  frozen.  If  rock 
is  not  available,  it  is  advisable  to  locate  sites  where  the  frozen 
ground  is  underlain  by  good  thawed  ^ound  which  can  withstand  high 
stresses.  Construction  on  permafrost  should  bd  undertaken  only  when 
there  ie  no  alternative.  Evan  in  this  case  It  is  advisable  to  seek 
sites  whero  the  ground  is  sandy  or  gravelly  and  contains  littlo  isoisture. 
It  Is  inadvisable  to  erect  structures  on  supersaturated  ground  consisting 
of  f iho  sand,  and  particularly  clay,  loam,  or  silt.  Such  construction  is 
permissible  only  when  therd  is  absolutely  no  other  choice. 

Tho  active  construction  method  is  suitable  for,  construction 
on  good  frozen  ground  containing  little  moisture  and  not  subject  to 
extensive  settlinr  when  thawed.  The  passive"  construction  method, 
involving  use  of  all  possible  measures  to  conserve  tlie  permafrost,  is 
suitable  for  construction  on  poor/; ground  consisting  of  Tine-textured 
material.  Irrespective  of  the  ground  involved,  it  is  essential  to  use 
designs  and  measures  that  would  protect  the  structure  against  heaving  of 

the  foundation  by  the— fur  cos  resulting  Trc®  SWallinr  of  the-  aCt-iVo - — 

layer  and  from  adfre'eaing  between  the  active  layer  and  the  foundations. 


2.  The  Passive  licthod  of  Construction, 

The  passive  method  of  building  construction  siiould  be  uBed 
only  after  it  has  been  established  that  there  is  no  other  alternative 
and  after  adequate  investigations  have  proved  that  tho  permafrost  can 
be. conserved  near  and  beneath^  the  structure.  Regardless  of  the  type 
and  size  of  the  structure  involved,  the  following  recommendations 
should  bo  observed  as  much  as  possiblo  and  whenever  feasillo. 

a. .  General  Instructions 

1.  The  natural  repine  of  the  locality  should  be  least 
disturbed  during  both  construction  and  consequent  exploitation  of 
the  structures. 

2.  It  is  desirable  to  align  the  length  of  the  building  * 

in  tho  north-south  direction.  °  - 

3.  It  is  advisable  to  shade  the  ground  immediately  ad¬ 
joining  the  south  wall  of  the  house  by  means  of  vegotation,  an  awning, 
or  a  fonce. 

b.  It  is  extremely  important  to  divert  the  surface  water, 
and  particularly  the  water  discharging  from  the  roofs,  from  tho  vi¬ 
cinity  pi  the  buildings  using  tho  shortest  route  possiblo,  so  as  not 
to  permit  it  to  penetrate  into  the  ground. 

5.  Industrial  water  should  definitely  not  bo  permitted  to 
seep  into  the  ground.  It  must-be  diverted  most  carefully  and  in  such 
a  manner  as  to  avoid  the  use  of  pipes  laid  directly  in  the  ground. 

b.  General  Requirements  in  Construction  of  Buildings  and 
Their  Separate  Parts 

1.  Reservoirs,  tanks,  wells,  and  .cesspools  for  seware  systems 
and  other  needs,  particularly  for  warm  industrial  wastes,  should  be  lo¬ 
cated  as  far  from  the  buildings  ^spweibley  and  at  ionst-li  to  20  n 
away. 

2.  Building  foundations'  should  be  designed  in  tho  form  of 
Individual  supports  of  smallest  cross  section  possible. 

3.  Foundations  should  be  sunk  into  the  permafrost  layer  to 

a  depth  ox  1.0  to  1.?  a,  depending  upon  the  type  of  structure  Involved, 


i*.  Grillages  consisting  of  two  crossed  layers  of  timbers  should 
"be  placed  beneath  the  foundations. 

5.  It  is  necessary  to  provide  suitable  air  spaces  beneath 
buildings.  The  minimum  height  of  such  a  space  is  0.5  m. 

i=^6. «  The  air  space  should  be  carefully  insulated  from  the 
interior -of— Uro  building  by  scans  of  .  a  specially  designed  floor  that 
would  conduct  from  the  interior  an  amount  of  heat  .allowed  for  in  the 
design  of  tho  air  space. 

7.  It  is  easontial  to  design  proper  skirting  that  would 
tightly  seal  the  air  space  during  the  warm  season  of  the  year. 

d.  It  is  advantageous  to  use  an  insulating  layor  of  poat 
or  slag,  laid  on  tho  ground  noar  and  beneath  the  building,  “provided 
that  this  layer  ie  protected  against  water.  For  this  purpose  it  is 
desirable  to  locato  the  building  above  the  natural  ground  surface,  on 
a  low  fill  of  well-draining  ground  or  Blag. 

9.  Collars  ore  permitted  only  in  the  case  of  unheatod  buildings . 


o.  Building  Designs 

As  far  as  thermal  aspects  arc  concerned,  all  buildings  may 
be  divided  into  the  following  three  categories j  (1)  unheated  buildings, 

(?)  normally  heated  buildings,  and  (3)  buildings  radiating  large  quantities 
of  boat.  In  terms  of  material,  buildings  may  be  classifiod  as  wooden  or 
masonry,  Unhoated  buildings  usually  comprise  storage  buildings  such  as, 
warehouses,  storerooms,  sheds,  etc. 

Crib  foundations  (Fig.  7h)  a re  permissible  in  the  case  of 
relatively  small  unheated  buildings  of  secondary  importance.  A  rel¬ 
atively  dry  site  is  advisable  even  in  tho  case  of  cribwork  foundations. 

The  cribs  are  short  logs  supporting  the  structural  frame,  the  upper 
layer  of  moss  and  vegetation  is  removed,  and  the  space  is  filled  with' 
sand,  gravel,  or  slag.  The  cribwork  is  laid  on  the  fill.  The  cribs 
are  placed  under  the  corners  of  the  building  and  also  at  intermediate 
points.  Tho  wooden  frames  should  be.. small.  The  frames  should  be 
fastaned  together  with  particular  care  and  strengthened  by  vertical 
clamps  of  boards  or  .timbers.  Some  engineers  recommend  removing  tire 

esc  and  backl  illips 
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with  slap  or  sand,  if  slap  is  not  available,  but  not  with  either  /♦ravel 
or  pebbles.  The  bottom  row  of  the  crib  should  be  carefully  and  adequately 
tarred-  . 

-  Vore  important  unheated  wooden  buildings  should  nayd  columr 
foundations  reetinp -pn  tho  pormafrost  layer.  Such  foundations  may  be  • 
of  timbo-r,  masonry,  or  roinforced  concrete,  ffoodon  posts  are  test 
for  wooden  buildingfiT  ft^Bro^fcuijuations  will  subjuetsd-pgi^i — =- 

marily  to  heaving  due  to  freezing  of  the  activo  layer,  tho  uusigli  of 
those  foundations  should  bo  such  as  to  counteract  effectively  tho 
heaving.  This  factor  should  be  taken  into°conBidaratibn  whan  planning 
the  design  of  such  foundations  in , accordance .with  instructions  pre¬ 
sented  later.  -  •- ;  _ 

In  the  case  of  unheatod  buildingG,  vory  little  change  in 
permafroet  level-  may  be  expected,  particularly  if  the  f oundatiohs 
consist  of  wooden  posts  of  low  heat  conductivity.-'  However,  eome 
change  in  permafrost  level  is  probable  becauce< erection  of  struc¬ 
tures  and  development  of  the  locality  cause  the  permafrost  to  recede. 

For  this  reason,  tho  foundations  should  extend  fairly  deep  into  the  perma¬ 
frost.  This  16  essential  because  thawing  lasts  three  to  five  years  after 
completion  of  tho  structure  (Chapter  n-B),  while  the  position  of  tho 
upper  pormafrost  limit  usually  is  determined  from  tests  lasting  only  one 
or  two  years.  It  is  obvious  that  such  tests  yield  only  approximate  infor¬ 
mation  about  the  position  of  the  upper  permafrost  limit.  On  tho  other 
hand,  it  is  irrational  to  practice  economy  in  tliis  cbbo  bocauso  lowering 
or  raising  the  posts  a  distance  of  bO  to  60  cm  involves  a  negligible  part 
of  the  total  cost  of  construction,  while  an  insufficiently  deep  founda¬ 
tion  may  endanger  the  structure.  In  the  case  of  a  building  measuring  1? 
by  12  a  and  involving  foundation  posts  at  intervals  of  b  m,  for  example, 
lowering  the  posts  0.5  a  involves  only  6  cu  m  of  additional  excavation. 
Accordingly,  and  taking  into  consideration  the  swelling  of  the  active 
layer,  the  posts  should  be  extended  into  the  permafrost  a  distance  of 
.1.5-  to  2.0  m,  depending  on  the  nature  and  thickness  of  the  active  -layer. 

Figure  75  shows  a  design  of  such  a  foundation.  This  design 
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does  r.ot  permit  ahy  accurate  evaluation  of  anchoring  depth,  even  if  a  defi¬ 
nite  ultimate  position  of  the  upper  permafrost  limit  is  assumed  (usually 
arbitrarily) .  The  standard  procedure  is  to  regard  the  short  anchor  logs  as 
cantilevers  subjected  to  bending  and  to  compute  the.  heaving  force  in  accor¬ 
dance  with  formula  (2).  Careful  design  of  the  mortises  is  also  essential. 

o  The  foundation  pit  within  the  permafrost  should  bo  filled  with  the 
excavated  td« Wlnf-sr  rcbcard,  while  the  pit  within  the  active  layor  should 
be  filled  with  dry  Hand,  gravol,  or  slag.  Since  the  resistance  to  heaving  _ 
is  duo  to  adl'roozing  between  the  lower  part  of  the  foundation  and  the 
corresponding  ground;  it  is  necessary  to  freeze  the  lower  fill.  This  is 
accompli  shod  by  constructing  the  foundation  in  the  fall  or  winter.  The  por¬ 
tion  of  the  pit  within  the  active  layor  should  not  be  filled,  until  the 
lower  fill  has  frozen. 

The  design  of  masonry  or  reinforced  concrete  columns  1b  discussed 
in  Uio  section  doaling  with  construction  of  masonry  buildings.  Figure.  76 
shows  a  roirii'orcod  concroto  column  foundation.  It  coneitts  of  a  simple  '■ 
stepped  footing  end  a  reinforced  concrete  column.  The  columns  support  a 
floor  beam  covered  with  a  waterproofing  layer  r>n  which  the  wall  is  raised. 

The  footing  roots  on  grillage  consisting  of  two  crossed  rows  of  timbers. 

The  rrtfuud  below  Uio  beam  should  be  removed  and  replaced  Vy  dry  sand,  gravel, 
or  alar.  A  layer  of  olay  loa»  or  Bandy  loam,  covered  with  stono  paving, 
should  bo  laid  on  top  of  the  fill,  extending  to  the  top  of  the  beam.  The 
foundation  pit  should  bo  filled  as  in  the  cuse  of  a  wooden  post.  Of  course, 
it  is  osrontial  that  t.ho  lower  portion  of  the  fill,  in  which  the  column  is 
anchored,  should  become  frozen.  The  foundation  should  extend  l.*»  to  2.0  a 
into  the  permafrost. 

Anchoring  of  foundation  columns  in  tho  permafrost  was  rocomnondod 
years  ago  j  3,  page  122].  The  advantage  of  such  anchoring  has  been  In¬ 
directly  verified  at  the  Skovcrodlno  experiment  station.  It  was  estab¬ 
lished  that  columns  anchored  in  the  permafrost  to  a  minimum  depth  of  2  m  did 
not  heave  under  the  conditions  existing  at  Skovorodino. 

Columns  of  rubble  masonry  (Fig.  77)  may  be  used  if  the  active  -> 
layer  is  relatively  dry  and  if  swelling  cannot  occur.  Such  columns  are 


unsuitable  under  other  conditions  because  they  cannot  withstand  the  tensile 
stresses  developed  due  to  swelling  of  the  active- layer.  An  exception  may 
be  made  in  the  case  when  the  load  on  the  rub bio  foundation  is  sufficiently 

large  to  overcome  the  heaving  force.  It:is  rocommor.ded  that  columns  of - 

'  >;  -PtU,  >■  ' 

rubble,  masonry  have  "tapering  sides,  as  shown  tLiV  Fig .  -  77  •  oven  if  the 
ground  is  relatively  dry.  „ 

'■Reinforced  rubblo’  concrete  columns  may  prove  mc-_l  advantageous 

reinforcement  should  be  placed  along  the  face  of  the  foundation.  fasom-y 
and  rubble  concrete  foundations  should  be  underlain  by  a  grillage  conei st¬ 
ring  of  two  crossed  rows  of  timbers  with  a  total  height  of  30  to  UOcm. 

The  sides  of  ouch  foundations  should  be  smooth  and  taper  at  an  anglo  of 
70°  to  80°.  - 

Masonry  walls  erected  on  column  foundations  of  rubble  or  nibble 

•I  •  J  ' 

concrete  should  rest  on  reinforced  concrete  beams,  while  wooden  walls  may 
be  erected  directly  on  the  foundations.  Tho  wallB  should  be  insulated 
from  tho  foundations  by  four  or  five  layers  of  tar  paper  or  roof-sheeting 
material  over  cemont  or  pitch. 

The  foundations  of  ordinary  heated  buildings  may  be  similar  to 
the  previously  described  foundations  of  unheatod  structures,  except  that 
an  air  space  beneath  the  floor  as  well  as  como  supplementary  design  foa- 
turo  la  an  absolute  requirement.  The  function  of  the  air  space  is  to 
provont  boat  transfer  into  tho  ground  and  tc„ facilitate  freezing  of  the 
ground  beneath  the  building  during  the  winter*  so  as  to  restore  tho 
permafrost  layer  which  thaws  during  the  summer.  The  height  of  this  von- 
tilutod  air  apace  ie  determined  by  means  of  appropriate  calculations, 
but  its  minimum  is  5>0  cm.  The  assumed  height  of  the  air  epaeo  h  and  the 
thermal  resistance  of  its  ceiling  R  should  be  verified  anal ytical ly  oh 
the  assumption  that  natural  circulation  of  tho  air  beneath  tho  floor  is 
sufficient  to  remove  the  entire  heat  radiated  by  tho  floor  of  the  build¬ 
ing.  In  order  to  increase  vantilatiep  of  the  air  space,  it  is  advisable 
to  construct  in  the  middle  of  the  building  one  or  more  vertical  vents ^ 
transvarsing  the  entire  height  of  the  building  and  having  outlets  in  tho 
air  space.  Both  the  vents  and  the  air  space  should  be  tightly  scaled 


during  the  summer  by  means  of  double  skirting.  It,  is  advantageous  to  cover 
the  ground  surface  in  the  air  enaoe  with  a  ?0-cm  layer  of  slag,- paekod 
moss,  peat,  or  coniferous  needloc. 

Kiruro  78  shows  a  rubble  concrete  foundation, for  a  heated  building 
having  an  air  space  beneath  tho  floor.  -  JThe  -foundation  ecnsistr:  of  a  rubble 
concrete,  column  extending  2  m  into  the  permafrost  and  roritin,.  <,ri  a  timber- 
grillage  3.0  to  nO  cm  high.  The  lower  section  of  tho  column,  located  within 
the  pormuJ'i  'St,  ie  o  square  prism,  *4iile  tho  upper  section,  located  within 
the  active  Inyar,  is  j  yranidnl  with  sloping  edges.  ituihrbrced  cuiierew 
teams  link  th«  'columns  and  support  a  wall  three  bricks  thick.  Tho  boamc  are 
separated  1  row  the  columrio  by  fivo  cr  six  insulation  layer a  of  tar  paper  or 
Ruboroid.  Tho  ground  surface  in  the  air  apace  beneath  tJio~ floor  ia  covered 
with  a  15-  to  20-cm  layer  of  Slag,  peat,  or  moss.  This  layer  ie  topped  by 
a  6-  to  10-cm  layer  of  clay  loam  or  sanity  loam.  The  column  forms  huve  boon 
left  in  the  ground.  The  pit  within  the  permafrost  is  filled  with  wot,  fino 
sand,  while  the  pit  within  the  active  layor  iB  filled  with  slag,  gravel, 
rubble,  or  coarse  sand. 

file  foundations,  sunk  into  the  pormafroct  and  adfrozen  to  it,  are 
hiphly  advantageous  rn  the  case  of  ground  susceptible  to  consldorable  swell¬ 
ing.  Firurn  79  sIiowb  this  type  of  design.  Tho  pilos  may  be  of  timber, 
reinforced  concrete,  or  stool.  They  carry  a  reinforced  concreto  floor  beam 
which  supports  thu  wall.  Pilo  foUndatlonn  are  more  stable  if  the  piles  are 

9taggorod  in  a  checkerboard  armnpomnnt,  as  shown  in  Fig.  80. 

i.  -  .  ’  _  .  '  “ 

V.  A.  Dydlinitsky  designed  soveral  rational  column  foundations  for 
various  heated  buildings.  The  design  show  in  Fig.  8l  constitutes  a  timber 
foundation  for  a  Ire  ode n  building,  while  the  design  shown, in  Fig.  82  id  a 
reinforced  concrete  foundatiorr  for  a  masonry  building.  The  wooden  post 
shown  in  rig.  01  is  coated  with  both  taf  piper  and  pitch}  it  Booms  that  tho 
tar  paper  is  superfluous.  The  reinforced  concrete  floor  bean  Bhown  in 
Fig.  82  is  excessively  shallow  arid  should  be  stronger.  The  purpose  of  the 
board  facing  on  tho  socle  is  toiireduce  the  heating  of  the  wall  masonry. 

This  procedure- is  loss  advantageous  than  the.: use ) of  insulation  along  the 
floor  bea'i.  Such  in/wlaiion„ is  net  shown  in 'the  diagram. 


Ao  stated  previously,  the  ceiling- of  the  ventilated  air  space 
must  have  definite  thermal  resistance  because  the  height  of  this  space  de¬ 
pends  on  this  factor.  This  ceiling  should  he  properly  designed,  otherwise 
a  building  with  a  ventilated  air  space  is  unsuitable  as  a  dwelling  or  work¬ 
place  in  the  winter.  According  to,  N.  X.  Eikov  [13*  page  27],  thi  air  space 
cover  at  Skovorodino  was  designed  as  shown  in  Fig.  Eh.  It  consists  of  a 
subfldor  made  of  boards  3  cm  thick,  an  intermediate  layer  of  slag  lit  ca 
thick,  and  a  finished  floor  made  of  boards  5  cm  thick.  In  the  winter  the 
temperature  at  floor  level  was  -15°  C,  although  the  room  was  well  heated, 
while  the  temperature  at" table  level  ranged  between  C  end  V  and  " 
the  temperature  near  the  ceiling  wsb  JiO°  C .  Bikov  approves  tho  design  of  a 
wooden  cover  for  a  ventilated  air  space,  shown  in  Fig.  GIi.  His  recommenda¬ 
tion  is  made  on  the  basis  of  experience  at  Skovorodino  and  Igarka.  The  only 
important  comment  with  regard  to  this  design  has  been  that  the  wooden  inter- 
flooring.  a.  d  beams  readily  tend  to  rot. 

’'■Igure  fl?  sHowb  an  optimum  design  of  a  wooden  cov$r  for  an  air 
apace.  Th»  false  floor  consists  of  a  double  layer  of  boards;  The  lower 
layer,  b'  *-'n  thick,  carries  tho  load,  while  the  upper  layer,  to _  3.0  cm 
thick,  is  laid  across  the  lower  layer  at  an  ancle  of  h$° .  The  boards 
should  have  groove-and-tonguo  joints,  while  the  seams  of  both  layers  should 
be  sealed  with  pitch.  A  layer  of  tar  papor  laid  on  cement  or  hot  pitch 
should  he  placed  between  the  two  layers  of  flooring.  The  boards  are  covered 
with  tar  pa  er  laid  on  a  layer  of  pitch.  This  is  topped  by  a  15-cm  layer 
of  slag.  If  slag  is  not  available,  use  may  be  mada  of  moss  or  shavings 
mixed  with  mortar  and  sand.  Uortar  is  poured  over  the  slag,  so  that  the 
slag  becomes  monolithic.  Lean  slag  eoncroto  is  the  most  sui table  material 
for  this  purpose.  At  any  rate,  the  slag  is  covered  with  a  2-  to  3-em  layer 
of  lean  slag  concrete.  If  a  peat  or  moss  fill  is  used,  impregnated  clay 
may  be  used  in  place  of  the  slag  concrete.  The  top  flooring  consists  of 
painted  boards  b  to  6  cm  thick,  well  joined  and  carefully  puttied.  One  of 
the  major  properties  of  such  covers  is  air  tightness.  The  design  shown  in 
Fig.  Ob  seems  to  be  suitable  in  this  respect.  -0- 

Insulation  or  so-called  greasing  of  the  sub  floor  'should  be  done 
with  a  dense  material,  such  as  slag  concrete,  cinder  concrete,  cemented 
shavings/  or  similar  materials.  It  should  not  consist  of  loose  material  such 
as  dry  cleg,  peat  waste,  or  shavings. -  Fressen  boards  mad"  of  reeds  Or  straw , 


fi’brolite,  and  similar  sheet  materials  are  good  insulators  i  At  least  tiro 
layers  of  such  material  should  he  placed  ovor  one  or  two  layers  of  tar  paper, 
and  all.  s earns  should  be  covered.  If  steel  beams  are  used  in  constructing  the 
floors,  the  covering  (ihould  be  made  of  reinforced 'slag  concrete  whenever  feasible 
(Fig.  06).*  The  slab  of  reinforced  Blag  concrete  is  poured  in  wooden  forms 
consisting  of  planks  2.5  to  1.0  cm  thick.  These  fprna  arc  not  removed..  In 
American  practice,  the  slag  concrete  comprises  one  part  cement,  two  parts  sand, 
and  five  parts  slag.  Kainforced  slag^concrete  slabs  are  widely  used  in  the 
United  States  and ~ar$  regarded,  as  a  convenient  and  cheap  type  of  construction,' 

'ArciltSfteS^'ISTOt^tB'uaay  by  ttwad-la-areas  with  dsnaalta’  off- c  lav. _ 

A  10-cm  layer  of  light  concrete,  such  as  lean  slag  concrete  or  argillaceous 
concrete,  is  laid  on  top  of  the  continuous  slab  of  alag  or  argillaceous  con¬ 
crete.  The  tight  woodon  floor  is  laid  over  plank  joists  set  into  this  layer. 
Hollow  tiles,  shown  in  Fig.  87,  make  a  highly  insulating  and  airtight  cover. 

Stoves  should  bo  placed,  on  adequate  insulation  laid  on  the  floor. 

If  tliis  is  not  feasible,  the  stoves  should  be  placed  on  separata  founda¬ 
tions.  The  most  suitable  foundation  la  a  wooden  crib  filled  with  slag  con¬ 
crete,  cemented  wood  shavings,  cemented  sawdust,  or  any  other  material  of 
low  heat  conductivity.  The  bottom  and  top  of  the  crib  should  bo  covered 
with  solid  rows  of  timbers.  It  is  advisable  to  place  a  20-cm  layer  of  ce¬ 
ment  between  the  stove  and  the  top  of  the  crib.  The  crib  is  sunkyto  the 
same  depth  as  the  building  foundations  and  passes  through  the  entire  height 
of  the  ventilated  air  apace.  If  the  building  rests  on  eribwork  foundations 
and  is  subject  to  deformation  due  to  heaving,  the  stoves  should  not  be  sup¬ 
ported  on  cribs  because  this  would  interfere  with  free  deformation  of  the 
b'lildiug.  In  this  case  It  is  advisable  to  use  some  special  structure  de¬ 
signed  to  transfer  the  weight  of  the  stove  to  the  walls.  Figure  88  showp  a 
design  for  a  crib  foundation  beneath  a  stove. 

In  uome  casia  it  is  best  to  erect  isolated  structures  on  .fills 
placed  directly  on  the  ground  surface.  Slag  is  the  best  material  for  this 
purpose.  However,  well-draining  materials,  even  stone  or  rubble,  are  suit¬ 
able.  An  earth  fill,  and  particularly  a  fill  made  of  stone  and.  rubble, 
should  be  laid  over  a  layer  of  moss  or  peat  and  should  be  topped  with  a  simi¬ 
lar  layer,  with  a  final  cover  of  clay  or  of  local  ground  material  If  clay  is 

£  - 

On  condition  that  the  slag  contain  a  negligible  amount  of  sulphur, 

olr.prwlire  the  reifirirce-ssnt  will  rapid lydctcri crate.  :  . .  .  .... 
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not  available.  If  the  fill  consists  of  stone  or  rubble,  it  is  advisable  to 
place  moss  or  some  other  good  insulating  material  between  each  row  of  stones.  - 

Wooden  buildings  on  crib  foundations  are, placed  directly  on  the 
fill,  as  shown  in  Fig.  8?,  while  masonry  buildings  should  be  erected  on 
column  f  ound  at  ions,  „pAs8,ine;  through  the  fill  and  penetrating  into  the  perma¬ 
frost  to" a  depth  of  G.?5  to  1.00.  m.  The  fill  has  a  double  function. 

Firstly,,  it  prevents  deep  and  rapid  freezing  of  the  active  layer,  particu-  j 

I 

larly  if  the  fill  consists  of  material  which  does  not  conduct  heat,  an  that- 
the  effect uof  swelling  of  thia  layer  is  lessened.  Secondly,  the  fill  pre¬ 
vents  heat  transfer  to  the  ground  and,  consequently,  the  upper  permafrost 
ITfnlfXS- conserved  and  may  even  rise.  A  certain- house  ev-the  Skcvorodlno 
Permafrost  Station  has  been  erected  in  this  way.  It  is  built  on  cribs  over  I 
a  ventilated  air  space,  but  the  cribs  rest  on  "the  ground  proper  instead  of 
on  a  slag  cushion  (Fig.  ?6)  (11,  page  28].  The  slag  fill  or  cushion  beneath  , 
the  building  is  70  cm  thick.  This  building  was  subject  to  heaving.  This  , 
wag  probably  due  to  improper  construction.  The  cribs  should  have  bepn  placed, 
on  the  slag  fill,  tliat  Is,  they  should  have  been  raised  70  cm.  The  fill  near 
and  beneath  the  building  should  have  been  covered  with  a  layer  or  earth  over 
moss,  so  that  the  earth  material  would  not  penetrate  into  the  slag.  In  addi¬ 
tion,  this  layer  of  earth  material  would  have  prevented  free  air  circulation 
within  the  fill,  80  that  the  insulating  effect  of  the  fill  would  have  im¬ 
proved.  Finally,  a  layer  of  moss  should  have  been  placed  in  the  fill.  At  1 

any  rate,  the  permafrost  beneath  this  building  was  conserved  and  the  deforma¬ 
tion  resulting  from  swelling  of  the  active  layer  was  slight.  The  house  con-  , 
tinued  to  serve  as  a  dwelling  after  the  flooring  had  ’een  repaired  so  as  not 
to  admit  excessive  cold  (Fig.  03).  A  number  of  houses,  located  in  other 
places,  were  placed  on  an  OO-ca  layer  of  slag,  as  shown  in  Fig.  89. 

At  the  Frusha  Station,  fills  of  this  kind  were  made  of  bo*  ders. 

-  A  //  "  .  ■ 

Available  information  indicates  that  the  permafrost  beneath  this  building 
has  thawed,  but  this  apparently  was  due  to  improper  design  of  the  fills, 
since  the  fills  had  inadequate  insulation  layers  at  the  top  and  bottom  and 
had  no  layers  of  moss  or  other  insulating  material  between  the  individual 
rows  of  boulders. In  addition,  it  is  unknown  whether  the  ventilated  air 
spaces  beneath  these  buildings  were  properly  designed.  If  the  bpulriery  fills 
had  been  covered  with  moss  and  local  earth,  and  if  it  had  been  packed  with 
moss,  straw,  or  similar  material,  the  permafrost  would  not  have  thawed. 


l2L  ' 

Buildings  radiating  much  heat  may  be  designed  as -described  above. 
However,  since  some  of  those  buildings  may  require  extremely  high  aif*  spaces 
and  even.' special  ventilation  equipment,  it  is  advisable  to  build  them  two 
stories  high.  In  this  way,  tn'e  lower  floor  could  be  maintained  at  ordinary 
temperature,  while  the  heat  sources  could  be -located  on  the  second  floor, 
Sucii  asaarrangeaent  is  particularly  advantageous  in  the  cane  of  wooden  build' 
inns  such  as  bath  houses,  laundries,  large  kitchens,  etc. 

The  discharge  of  water,  steam,  and  gases  from  industrial  installs - 
_ tions  located  in  such  buildings  should  be  arranged  with  great  care,  using  in¬ 
sulated  pipes  located  outside  the  building  in  such  a  way  that  they  would  not 
trar.sfor  heat  directly  to  the  walls,  foundations,  and  ground,  and  the  dis¬ 
charge  water  should  be  prevented  from  seeping  into  the  ground  near  the  build¬ 
ing.  In  addition,  it  is  essential  that  the  walls  and  foundations  are  not 
heated  directly  by  the  apparatus  and  installations.  In  the  well-known  case 
of  a  building  in  which  two  forges  were  placed  near  a  wall,  the  wall  became 
intensely  heated, with  the  result  that  the  permafrost  beneath  the  building 
thawed,  -  .  " 

..  o  O 

It  is  foaaible  and  advantageous  to  provide  ventilated  air  spaces 
for  heated  buildings  consisting  of  one  or  more  floors  if  theue  buildings  are 
of  the  common  type  and  do  not  have  oxcoptionally  wide  bays.  In  the  case  of 
workshops  or  othar  heated  buildings  having  largo  bays,  ventilated  air  spaces 
can  be  constructed  by  placing  the  flooring  on  piles  (Fig-  91)  sunk  into  the 
permafrost  by  moans  of  an  American  stems  point.  In  practice,  however,  tho 
size  of  the  building  may  necessitate  an  excessively  high  air  space.  This  is 
not  always  feasible  and  advantageous.  .if" 

In  tho  case  of  factory  buildings,  the  floor  above  the  air  space 
might  bo  both  heavy  and  expensive  even  If  the  building  is  small.  Jdany  in¬ 
dustrial  buildings  house  heavy  equipment,  while  some  are  designed  to  aceowao- 
date  trains.  Regardless  of  the  temporary  loads,  the  flooring  over  a  venti*- 
lated  air  space  would  be  quite  heavy  because  of  the  layers  of  insulating  ma¬ 
terial.  Therefore,  often  it  is  not  feasible  to  construct  a  ventilated  air 
space,  and  it  is  necessary  to  lay  the  floor  directly  on  the  ground.  If  such 
buildings  aro  erected  on  permafrost,  the  only  solution  is  artificial  contorva 
ti on  of  the  permafrost  by  means  of  special  refrigeration  installations  or,  by 
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excavating'  a  deep  pit  and  filling  it  with  suitable  material.  Although  such 
procedures  seen  logical  and  feasible,  -they  will  not-bo  discussed  here  in  do- 
tail  because  they  have  not  beer,  adequately  worked  out  as  yet. 

It  is  obvious  that  the  principle  of  permafrost  conservation  is  un¬ 
suitable  ae  yet  for  construction  of  buildings  radiating  much  hoat.  Such 
buildings  should  bo  erected  on  sites  where  permafrost  is  absent  or  bedrock 
occurs  at  shallow  depth.  In  addition,  other  construction  mothouB  may  be 
used. 

The  ventilated  air  space  can  bo  designed  in  accordance  with  the 


formulas  and  recommendations  prepared  by  TSytovicn  x  2y  pace  uGOr.  —It  in~  - 
volves  determining  the  thermal  resistance  of  the  floor  R,  w)dch  is  the  reci¬ 
procal  of  the  universal  coefficient  of  heat  transfer  K  used  in  construction 
design.  Tho  value  of  R  for  an  air  space  cover  of  a  given  design  1b  deter¬ 
mined  from  the  formula 


1 
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in  which  a  and  a  are  the  total  magnitudes  of  the  convection  and  radiation 
~  0 

coefficients  of  tho  inner  and  outer  surfaces  of  the  building  floor,  is 
the  thickness  of  occh  of  tho  layers  of  material  comprising  the  floor,  and 
arc  the  coefficients  of  heat  conductivity  of  oach  of  these  layers.  The” 

algebraic  aigr.of  tho  sum"?  indicated  that  ft  is  necessary  to  use  the  sun 
f  i  “T  "  ‘  ' 

of  the  ratios  for  all  the  layers  of  material  comprising  tho  floor. 

^  -  >■ 
The  values  of  a,  aQ,  and  can  be  obtained  from  handbooks  cal  heat¬ 
ing- and  ventilation.  u." 

Tne  allowable  quantity1  of  heat  radiating  from  the  building  floor 
into  the  open  air  space  should  be 

b»" 

%  -  Qi  -  jq  ^  J . 


in  which 


is  the  quantity  of  heat  lost  annually  by  the  .vrourid  during 
cooling  of  the  uncovered  area,  - 

Q.,  is  the  quantity  of  heat  gained  annually- by  the  ground  dur- 

.*■  im:  warmiftn  Vi  2I1i3 1  -  X----  —  -V  -  ~ 


hj,  ia  the  allowably  depth  of  thawing  of  the  ground  in  the  air 
space,  and 

h^is  the  depth .of  thawing  of  the  uncovered  ground. 

The  thermal  resistance  of  the  floor  R,  determined  from  tho  formula, 
should  be  not  Toss  than  tho  value  corresponding  to  the  allowable  quantity  of 
boat  radiating  from  the  floor.  That  is, 


in  which 


T  is  the  temperature  within  the  building, 

t^,  1b  tho  mean  temperature  in  the  air  space  during  the  period  of,.^, 
negative  temperatures,  and  may  be  taken  as  the  moan  tempera'* 
turo  of  the  outside  air  during  the  same  period,  and  :'i'" 

m  ia  the  number  of  days  in  the  year  during  which  the  temperature 
”  ia  negative. 

The  values  of  and  ara  determined  from  the  formula 

Q  °  h1  (CjwS^  +  CgSt^,  «■  8oSw  +  w8t2  +  CgStg) 

in  which  1  .... 

is  the  height  of  the  ground  layer  involved,  in  centimeters, 

b  0.5  is  tho  specific  heat  of  ice, 

Cg  ia  the  specific  boat  of  dry  ground, 

£  is  the  volume  weight  of  the  oven-dry  ground, 

w  ia  the  moisture  content  of  the  ground  by  weight,  expressed 
~  as  h  fraction, 

>  t,  ia  the  negative  teaperaturo  at  the  beginning  of  the  time 

1  Interval  under  consideration,  and  " 

t2  is  the  positive  toiqperature  at  the  end  of  tills  time  interval. 

The  approximate  depth  of  thawing  in  the  air  space  can  be  deter¬ 
mined  “from  tho  following  equation*  * 


in  which  q^  is  the  quantity  of  heat  radiated  by  the  building  floor  during 
the  summer,  and  h  is  the  depth  of  the  active  layer.  The  depth  of  freez¬ 
ing  of  the  ground  in  the  air  space  is 

V  -  v  Q1  ’  qi 


in  which  1b  the  quantity  of  heat  radiated  by  the  building  floor  during 
the  winter. 

The  required  height  of  the  air  apace  is  larrely  determined  in 
aOvui'ua/iw'o  with  the  following  analysis  "ny  Tsytcvich .  The  air  space  will  be 
ventilated,  that  is,  adequate  air  exchange  will  occur  if  the  available  air 
pressure  H  is  equal  to  or  greater  than  the  proaauro  lose  in  the  openings 
Accordingly, 


The  value  of  H  can  be  determined  if  it  is  assumed  that  the  neutral  zone 
occurs  at  the  middle  of  tho  height  i  of  the  ventilated  air  space  (Fig.  92). 

"■widin'-y 

in  which  is  the  weight  of  the  air  at  tho  given  tompernture?  of  the  out¬ 
side  nir,  and  y^,  is  the  weight  of  tho  air  at  the  mean  temperature  of  the 
nir  in  tho  air  space.  The  weight  of  the  air  it  determined  from  tho  formula 

v  _  *  '1.293 


The  magnitude  is 


v^^tc 


in  which 


v  is  the  air  velocity  in  the  plane  of  the  opening, 


y^c  is  the  specific  gravity  of  the  displaced  air, 
g  is  the  acceleration  of  gravity,  and 
a  is  the  contraction  coefficient,  usually  taken  as  0,6f>, 

In  this  formula,  v  is  in,  me  tot's  per  second,  is  in  kilograms  per  cubic 
mater,  g  is  in  meters  per  square  second.  Accordingly,  H  is  in  kilograms  per 
square  meter  or  in  millimeters  of  water.  The  minimum  height  of  the  air  space, 
which  is  the  distanco  between  the  ground  surface  and  the  bottom  of  the  floor 
beam,  should  be  not  less  than  $0  cm. 

_ _  The  recoarasnded  procedures  for  reducing  the  effect  of  the  active 

layer  are  presented  in  B-ST  of  Chapter  IV.  ^  "  ^  ■' 

The  OST  Manual  No.  90032-39  contains  the  following  special  instruc¬ 
tions  regarding  the  design  of  foundations  under  the  conditions  dismissed 
above . 

OST  So.  90032-39 

32.  , As  a  rule,  foundations  should  extend  below  the  active  layer.  In 
the  case  of  unimportant  and  temporary  buildings,  it  is  permissible  to  use 
simplified  foundations  such  as  cribs,  ground  plates,  blocks,  etc.,  which  are 
placed  on  the  ground  after  the  surface  layer  of  the  ground  has  been  removed. 

In  the  east  of  important  buildings,  foundation  bases  in  the  active  layer  are 
permissible  only  if  this  layer  consists  of  dry  sand  and  gravel.  If  it  is 
feasible  to  keep  the  ground  dry,  and  if  the  underlying  Strata  are  suitable. 

33«  When  construction  method  A  (the  passive  method)  is  usod,  the  depth 
of  Hie  foundations  is  do to  mined  in  accordance  with  the  conditions  necessary 
to  conserve  the  permafrost  at  the  base,  with  due  consideration  of  the  thermal 
regime  of  the  structure,  the  temperature  regimes  of  the  active  layer  and 
permafrost,  as  well  as  the  design  measures  to  prevent  thawing.  In  the  case 
of  important  buildings,  the  stability  of  the  permafrost  at  the  base  should  bo 
verified  analytically,  foundations  constructed  on  merging  permafrost  by 
either  the  passive  or  active  method  require  consideration  of  the  fact  that  the 
thickness  of  the  active  layer  may  increase,  particularly  near  tho  couth  walls. 

It  should  be  noted  that  item  32  above  contains  some  erroneous  in¬ 
structions  regarding  the  feasibility  of  basing  foundations  of  important  build¬ 
ings  on  the  active  layer.  Those  instructions  and  recommendations  should  have 
been  omitted.  .  ~ 

d.  •‘Notes  on  Foundation  Calculations  - 

'Hie  allowable  stresses  in  permafrost  must  be  determined  whon 


designing  foundations  based  on  the  permafrost  layer.  The  allowable  load  on 
the  permafrost  at  a  given  construction  site  can  best  bo  determined  in  the 
field,  in  accordance  with  the  instructions  presented  in  Chapter  III,  -Q-3b. 
OST  Manual  ho.  90032-3?  contains  a  special  tablo  of  allowable  loads  on  perma 
frost  and  recommends  the  following  special  procedures  for  determining  these 
loads. 


OST  No.  ,90032-3? 


17.  Allowable  loads  on  pemafrost  are  determined  from  results  of  ade¬ 
quate  geological,'  Qnginehring,"  and  pQrmdirbEv  irivuHii[;aliOTi6  c.f 
beneath  the  projected  structure.  Consideration  must  bo  given  to  the  founda¬ 
tion  design  for  individual  structures,  their  temperature  regime,  and  the 
rigidity  of  tho  structure.  - 

10.  In  ".he  caso  of  structures  erected  on  pormofrost  having  constant 
negative  temperature  and  pores  completely  saturated  with  ice,  tho  allowable 
loadB  may  be  taken  from  OST  Table  II,  “  • 

19.  In  cases  where  the  permafrost  is  llkoiy  to  thaw  (beft’eath  heating 
plants,  for  example,  or  if  the  permafrost  temperature  is  zero),  tho  allow¬ 
able  load  should.be  determined  from  results  of  load  tosts  conducted  on  tho 
thawed  permafrost. 

20.  The  bearing  capacity  of  "dry  permafrost"  is  determined  from  in¬ 
vestigations  conducted  in  the  same  way  as  in  the  case  of  ordinary  thawed 
ground.  The  bearing  capacity  of  "dry  permafrost"  is  the  same  at  tempera¬ 
tures  below  and  above  aero, 

....  ......  0 

3.  Building  Construction  Designod  To  Allow  for  Settling  Due  to  Thaw¬ 
ing  of  the  Permafrost 

Tide  construction  method  is  not  recommended  for  rolativoly  Impor¬ 
tant  structures  if  tho  ground  is  wot  and  tho  permafrost  contains  poor  ma¬ 
terial.  This  method  is  quito  suitable  in  the  case  of  sand,  pravol,  and 
nibble  with  a  maximum  moisture  content  of  2?  to  30  pur  cent  and  containing^ 
no  ico  wedges  or  lonsefi.  Under  these  conditions,  it  1b  unnecessary  to  take 
extrema  measures  to  conserve  the  permafrost  because  tho  low  moisture  con¬ 
tent  am  good  engineering  properties  of  the  ground  will  prevent  considerable 
and  hazardous  settling  of  the  foundation  during  partial  thawing  of  tho  perma¬ 
frost  beneath  the 'foundation.  Accordingly,'  the  foundation  should  be  de¬ 
signed  bn  the  assumption  that  the  permafrost  will-  thaw,  and  the  allowable 
load  should  bo  taken  as  that  for  thawed  ground,  determined  by  field  tests. 

The  foundation  should  extend  through  the  upper  wet  layor  of  the  permafrost 


3.30 


OST  Table  IX 

ALLOWABLE  COMPRESSIVE  STRESSES  FCR  ICE-SATURATED  FROZEN  GROUND 


o 

'55  ' 

Classification  by  Texture 

Allowable  Stresses  in  kg  per 
sq  cm  at  Tomperaturos 

—0.2  to  -0.5  c 

—0.5  to  —1.5  c 

-1.5  to -2.5  C  ^  1 

_ V 

Conrio  _/i(>fl(«iiflnsi<3- m} _ 

-  - 

■j  - 

-  j 

100*  j  <0.005  am,  3*  or 
less) 

3.5 

>5 

6.0 

2 

Loany  Sands  (Fractions t 
<0.005  m®,  10*. or:  less) 

2.5 

3.5 

U5 

3 

-r> 

Sandy  Loams  (Fractions* 

<  0,005  «i»  10  to  30*) 

2.0 

3.0 

U.o 

U 

Clay  Loams  (Fractions* 

<  0.005  mo,  in  excess 
of  30*) 

1.5 

2.5 

3.5, 

5 

Silty  Clay  Loams  (Frac¬ 
tions*  '0,01  to=  0.005  am, 
in  excess  of  50*j 
«-  0.005  ran,  up  to  30*| 

I  organic  matter , up  to  10* 
in  some  cases) 

1.0 

2.0 

3.0 

Remarks  j 

a.  The  allowable  stresses  at  intermediate  temperatures  are  deter¬ 
mined  by  interpolation. 

b.  Tho  values  are  not  applicable  to  permafrost  containing  ice  in¬ 
clusions. 

c.  The  values  may  be  increased  1.5  times  when  applied  to  third 
class  structures. 


(Fig.  3),  the  distance  involved  being  not  lees  than  1b. 

The  extent  of  probable  settling  should  be  determined  at  the  do“n- 
struction  site  in  accordance  with  instructions  given  in  Chapter  III,  as  well 
as  analytically.  Intensive  settling  can  be  prevented  by  retarding  the  thaw¬ 
ing  of  the  permafrost.  This  can  be  accomplished  to  some  extont  by  using  the 

procedures  presented  in  B-2  of  this  chapter.  Other  measures  include  the  do-  „ 

•\  •>. 

sign  shown  in  Fig.  91,  as  wall  as  placing  bonaath  the  building  floor  a  cushion 
of  slag  or  cinders,  30  to  £>0  cm  thick  and  extending  1.5  to  2.0  m  beyond  Lae 
building  (Fig.  93)..  I.'onunlf’orm  settling  and  its  effects  can  be  roducod  by  uo- 
ing  also  the  procedures  recommended  in  items  28  and  29  of  the  OST  Manual  j;6V 
90032-39. 

Jn  the  case  of  buildings  where  it  is  feasible  and  relatively  cheap 
to  construct  ventilated  air  spaces,  they  may  be  constructed  as  described 
previously,  provided  the  flooring  above  the,  spaces  has  high  thermal  Tesla-  & 
tance.  A  ventilated  air  apace  is  particularly  reconmended  in  the  case  of 
ordinary  structures  erected  in  areas  where  the  permafrost  temperature  is  near 
zoro  and  not  lower  than  -0.5°  C,  since  the  probability  of  thawing  or  conser¬ 
vation  of  the  permafrost  under  such  conditions  1b  rather  indefinite,  so  that 
it  is  safer  to  assume  that  it  will  thaw,  yet  it  is  essential  to  tako  measures 
to  retard  or  oven  stop  this  process  which  may  produce  highly  undesirable 
effects.  Wooden  buildings  of  secondary  importance  may  be  erected  on  cribs 
or  grillages.  The  deformation  of  a  house  on  cribs,  causod  by  thawing  of  the 
permafrost,  can  be  rectified.  Such  buildings  may  be  oreoted  even  on  ground 
containing  more  than  30  per  cent  moisture ./^Tho  design  of  wooden  houses  on 
cribs  does  not  differ  from  the  designe  described  previously. 

Pile  foundations  recently  gained  wide  usage  in  industrial  construc¬ 
tion.  They' are  built  as  follows.  Hie  piles  are  extended  into  Ukj  perma¬ 
frost  to  a  depth  of  5  to  6  a  on  the  assumption  that  they  carry  only  part  of 
the  load,  while  the  rest  of  the  load  is  transmitted  through  the  foundation 
platform  to  the  ground  compressed  solidly  in  the  process  of  pile  driving. 

This  assumption  is  doubtful,  since  the  piles  Will  settle  if  the  ground  is 

>•/ 

weak  and  excessively  moist.  This  design-  ia  satisfactory- in  the  case  of  good 
ground  of  low  moisture  content,  but  piles  are  hardly  necessary  under  such 
conditions.  If  deformation- has  not  occurred  as. yet  in  structures  erected  <in 


such  foundations,  it  is  probably  due  to  the  fact  that  the  perrnf  rostral  orig 
and  beneath  the  piles  has  not  yet  thawed.  ,j>~ 

•  .  '  ‘li 

A  continuous  mat  beneath  the  hntiro  structure iSia  a  suitable  founda¬ 
tion  in  the  case  of  poor  permafrost.  Such  $  reinforced 'concrete  slab, pro¬ 
perly  designed  and  being  exceedingly  rigid,  prevents  deformation  of  indivi¬ 
dual  parts  of  the  structure  but  permits  uni  form  deformation  of  the  entire 
structure,  which  occurs  in  the 'fora  of  Blight  tilting  when  thawing  1b  greater 
on  one  side,  inundations  of  this  typo  axe  widely  used  in  pormal'roat  regions 

~a=~- -  __fpr_  water  towers  and  pumping  stations  occupying  relatively  small  areas.  Th9 

reinforced  concroto  slab  in  these  cases  is  about  1  m  thick  and  is  iaid  on  a 
fill  of  eand  or  gravel,  or  on  a  foundation  platform  consisting  of  two  crossed 
rows  of  timbers. 


Whereas  water  towers  on  ordinary  ring  foundations  developed  large 

cracks,  those  an  flat  slabs  remained  in  satisfactory  condition.  A  leaning 

water  tower,  erected  on  a  flat  jilsb- _was_f  ound  at  a  certain  railroad  station. 

Despite  the  fact  that  it  loaned,  there  were  no  cracks  in  the  walla.  The 

leaning  resulted  from  uneven  thawing  of  the  permafrost  on  the  side  whore  the 

water  mains  passed  through  the  ground.  Engineer  Budayev  describes  a  wooden 

boll  tower  at  the  same  station.  On  November  28  this  tower  leaned  southward 

28  cm  with  respect  to  the  vertical,  while  the  following  April  18  It  leaned 
*  /' 
only  lb  cm.  This  discrepancy  was  apparently  due  to  swelling  of  the  ground. 

By  toy  10  the  loaning  amounted  to  16  cm.  While  this  tower  did  not  rest  on  a.-. 

flat  slab,  its  construction  was  very  rigid,  its  dimensions  were  small,  and 

it  rested  on  a  timber  platform  so  tint  this  tower  may  be  compared  to  sons 

extent  with  a  building  founded  on  a  continuous  slab. 

Figure  9U  shows  W.  fa.  Chernyshev's  foundation  design  for  masonry 
water  towers  on  supersaturated  loam  and  silt  which  turn  into  slud  upon  thaw¬ 
ing.  The  foundation  consists  of  a  rubble  wall  resting  on  a  continuous  con¬ 
crete  slab  laid  on  a  platform  consisting  of  two  crossed  layers  of  timbers. 

The  outside  of  the  foundation  is  carefully  smoothened  to  avoid  the  harmful 
effects  of  swelling  of  the  active  layer,  and  the  surrounding  space  is  back- 

-  -:\a\  -  '  " 

filled  with  gravel',  rubble,  or  slag.  ^  ~  ” 

It  is  timely  at  this  point  to  call  attention  to  an  interesting a 
instances:  conotructicr;  on  v— ryj  poor:  ground.  An  eleven-story  building  was 


X 


••  \i 


It. 


■  133. 
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<irected  IifAlbany,  >tew  I>rk,  on  clay  loam  containing  about  50  pbr  cent  water, 

"The  foundation  of  this  building  consisted  of  a  continuous  ruinforcod-t-on - ■'* 

crete  slab  52  m  long,  32  m  wide,  and; 0.91  a  thick,  on,:  *4ch  #ere  arranged 
longitudinal  and ’^transverse  reinforced  concrete  Vierendeel  beaxnfl  spaced  6  a 


apart  and ^supporting  the  colun.isiill?].  Of  course,  the  ground  involved  won  net 
permafrost,  yet  it  was  very  poor  ground.  Hence,  if  a  foundation  of  this: 
type  proved  rational  for  a  heavy  building  under  these  cone.. tions,  it  yearns 
logical  to  assume  that  similar  foundations  would  be  suitable  in  some  cases 
under  permafrost  conditions. 


When  construction  is  basod  on  the  assumption  that  the  poriuafr&ut-- 
will  thaw  and  the  foundations  will  settle,  it  is  necessary  to  know  the  order  ( 
of  magnitude  of  the  settling,  the  intensity  and  depth  of  settling  during  a 
given  period,  as  well  as  the  allowable  load  on  the  thawed  ground.  These  data 
are  obtained  from  tests  and  investigations .described  in  Chapter  I1I~B,  as  . 

well  as  from  the  following  analyses.  It  should  be  noted  that  the  magnitude 
of  settling  of  thawed  ground  under  load  depends  largely  on  the  depth  of  thaw¬ 
ing.  Tide  depth  is  an  extremely  complicated  function  of  various  fairly  Inde¬ 
terminate  factors.  Accordingly,  Tsytovich  and  Sumgin  are  of  the  opinion 
that  it  is  impossible  accurately  to  determine  the  magnitude  of  settling  of 
foundations  on  thawing  permafrost.  Even  an  approximate  estimate  of  settling 
is  possible  only  if  the  weight  of  the  structure  does  not  exceed  the  criti¬ 
cal  load  for  the  given  type  of  ground  whon  thawed.  If,  the  load  is  super¬ 
critical,  the  resultant  settling  might  become  excessively  large  because  the 
ground  beneath  the  foundation  may  be  forced  out.  This  should  not  be  per¬ 
mitted  to  occur  because  it  would  inevitably  result  in  complete  failure  of 
the  structure.  This  phenomenon  nearly  always  occurs  in  the  caeo  of  clay  | 

loam  because  it  usually  has  practically  no  strength  when  thawed.  The  in-  | 

tensity  and  approximate  depth  of  thawing  can  be  determined  from  the  fororu—  ■, 
las  and  analytical  conside ration s  presented  previously.  j 


The  depth  of  thawing  may  be  calculated  from  M.  M.  Krylov's  for¬ 


mula 
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hlm  *  ' 
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In  which 

— h'  is  the  depth  of  thawing  at  the  beginning  of  the  period  involved, 
a  in  meters, 

h  ie  the  depth  of  thawing  at  the  end  of  the  period  involved,  in 
B  meters,  ..  Q  ■ 

8  is  the  drop  in  temperature,  ° 

A  ie  the  coefficient  of  internal  heat  conductivity  of  thawed  ground, 

t  ie  the  period  of  thawing,  in  hours, 

«>  _  -  ■'  .  . 

w  is  the  moisture  by  weight  relative  to  dry  ground, 
p  is  the  latent  heat  of  fusion  of  ice  (BO,OOG  cal  per  cu  sf),  and 
g  is  the  heat  lost  to  the  permafrost. 

The  magnitude  of  the  critical  and  allowable  load  on  thawed  ground 
should  be  determined  from  proper  tests  at  the  construction  site.  Ah  approxi¬ 
mate  value  of  the  critical  load  can  bs  obtained  from  the  following  formula  - 
developed  by  Prof.  N.  P.  Puziravaky  {Frelikh)  i  18,  page  235.]  * 


v  7  IT 
ctg<£  - 


If  it  is  not  feasible  to  determine  the  allowable  load  on  the  permafrost  by 
means  of  field  tosts,  the  following  formula  may  be  used  In  the  preliminary 
design i 


0.67  rrXU 
ctg<*>-  -# 


In  those  two  formulas,  /  is  the  volume  weight  of!_the  ground  in  tons  per  cubic 
teeter,  H  is  the  foundation  depth  in  maters,  and  <p  is  the  angle  of  internal 
friction  of  the  ground*  Neither  f onsu? i  is  applicable  to  day, 

The  method  of  equivalent  ground  layer  can  be  used  to  calculate  the 
approximate  value  of  ultimate  settling  in  the  case  whan  the  critical  load  on 
the  given' ground  is  greater  than  the  load  due  to  the  structure,  .This  method 
takes  into  account  the  entire  depth  of  the  compressed  ground  layer  beneath 
the  foundation,  the  physical  properties  of  the  ground,  and  the  dimensions  and 
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shape  of  the  foundation.  This  method  is  not  applicable  to  highly  hetero¬ 
geneous  frozen  ground  containing  ice  wedges.  The  complete  and  ultimate 
settling  of  the  foundation  would  be  [2,  page  iilOj 


6.  is  the  initial  porosity  coefficient  of  the  undisturbed  ground, 

1  wliich  is  the  porosity  coefficient  of  the  frozen  ground  the  vol¬ 
ume  of  which  includes  vapor  and  ice,  and 


Is  the  porosity  coefficient  of  tho  stressed  ground  after  set- 
2  tllng  of  the  thawed  ground  has  ceased. 

According  to  Tsytovlch, 

h  *  Aw  b 

so  . 

in  which  b  is  the  width  of  the  foundation  base  (of  length  a),  and  the  value 
of  the  product  kwQ  la  taken  from  Table  VII  congjiled  by  Tsytovlch. 

It.  Building  Construction  Utilizing  Preliminary  Elimination 
of  the  Permafrost  at  the  Base  and  l&thoda  Used  Ihon  the 
Permafrost  Occurs  at  Considerable  Depth 

The  method  of  preconstruction  elimination  of  the  permafrost  is 
quite  suitablo  in  cases  where  the  permafrost  layer  is  thin  and  whore  the 
permafrost  iB  layered  or  ape  die.  However,  this  method  may  also  be  used 
when  the  permafrost  is  thick  but  has  a  relatively  high  temperature  and  when 
the  permafrost  contains-  little  moisture,  even  if  it  is  located  at  a  depth  of 
5  to  6  m  below  the  ground  surface.  As  stated  previously,  tho  moisture  con¬ 
tent  of  the  permafrost  layer  rapidly  decreases  with  increasing  distance  from 
the  upper  permafrost  limit  (Fig*  3).  It  is  possible,  therefore,  that  the 
moisture  in*  the  pers&frost  at  a  depth  of  ?  to  6.  a  would  be  so  small  that  the 
underlying  layers  would  hardly  settle  during  thawing  and  this  -settling  would 
not  affect  the  structure  appreciably.  The  wet  upper  layers  would  settle  dur¬ 
ing  preliminary  thawing  and  no  additional  settling  will  occur.  Accordingly, 

.  .  . 
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VALUES  CF 


TABLE  VII 


Awo  FCS  COMPUTING  THE  EQUIVALENT  GROUND  LAYER- 


IN  DETERMINING  TIE  AVERACE  SETTLING  OF  THE  HC  TIRE  AREA  UNDER  LOAD 
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normal  conditions  cf-construction  on  thawed  ground  will  prevail. 

Thawing  of  the  ground  may  be  partially  accomplished  by  utilising 
natural  heat.  This  rai[uirea  large  scale  melioration  of  .the  locality  early 
in  the  spring*  Melioration  comprises  removing  the  Bcrub  and  other  minor 
vegetation,,  removing,  the  moss  or  peat  cover,  removing  t^e  layer  .of  humus, 
installing  a  system  of  drainage  ditches,  ana  burning  the  grass  cover,  build- 
i»ig  fires  on  the  ground  surface  results  in  deeper  thawing  of  thb  permafrost. 

Steaming  the  ground  by  means  of  an  American  eteam  point  ie  tho.  best 
method  for  thawing  the  permafrost.  Such  p teaming  to  a  depth  of  5  to  7  m  pre¬ 
sents  practically  no  difficulties.  Since  the  ground  usually  ie  quite  'wet 
after  the=  steaming  operations,  it  is  necessary  to  remove  the  water  from  the 
^ground  by  means  of  proper  drainage  or  even  by  pumping  if  drainage  is  not 
feasible.  Punping  is  a  speedier  method.  Such  pumping  may  utilize  the 
apparatus  and  installations  which  are  widely  used  in  construction  to  lower 
„  the  level  of  the  ground  water  ! IS,-  page  235 ! .  Experience  in  lowering  the 
level  of  ground  water  proves  .that  the  method  ie  effective  if  the  depth  doeB 
net  exceed  20  to  2^  m  and  if  suitable  pumps  are  used.  Of  course,  the  effec¬ 
tiveness  of  this  method  depends  primarily  on  the  nature  of  the  ground  Involved. 

The  plan  of  a  certain  dam  on  the  Volga  River,  where  the  ground  is 
sandy  and  silty,  requires  lowering  the  level  of  the  ground  water  26  m  below 
high  level.  The  maximum  lowering  achieved  abroad  is  21*  m,  j 

Figure  95  is  an  illustrative  example.  It  is  a  schematic  diagram 
of1  tho  latest  American  installation,  the  Moretrench  Wellpoint  [19),  uaqd 
under  ordinary  conditions  on  construction  of  a  sewage  system  in  North 
Toronto,  Canada.  The  ground  consisted  of  layers  of  sandy  loam,  silt,  clay, 
and  clay  containing  gravel”  and  stones.  Within  1*9  hr  after  the  start  of 
ptsaplng,  tf-e  level  of  the  groundwater  was  lowered  to  tho  required  position, 
that  is,  6  m.  The  entire  installation  consists  of  a  main  laid  around  the 
excavation,  special  wellpoints  arranged  at  intervals  of  a  few  meters  (fig.  96), 
and  several  pumps  of  high  capacity.  The  well  consists  of  a  bore  into  which 
a  steel  pipe  is  lowered.  The  pipe  is=protected  by  a  wooden  Ja,pket.  The  diam¬ 
eter  of  the  bore  is  sbnerhat  larger  than  tho  diameter  of  the  .jacket.  Tho 
clearance  between  the  bore  and  the  jacket  is  filled  with  clean  sand  which  abts 


system.  A  steam  shovel  is  operating  in  the  excavation.  The  work  proceeds  as 
on  a  dry  area.  •  — - 

Settling  ceases  af  ter' the  water  is  removed  from  the  ground.  It  ie 
feasible  then  t9  grade  the  area  and  to  proceed  with  construction  ojhrationfc 
in  the  usual  manner.  After  the  water  has  been  removed,  weak  ground  can  be 
strengthened  by  piles  or  other  means. 

The  question  ariees  as  to  whether  permafrost  might  recur  and  result 
in  possible  deformation  cf  the  structure  due  to  swelling  of  the  newly  frozen 
ground  whiCft,  in  adaitinrrt--h£s  bscome;-wet_rfnA  to  Beepage  from  the  adjoining 
strata.  With  reference  uo  this,  it  should  be  noted  that  relatively  little 
water  will  soep  Into  the  ground  because  the  ground  has  already  been  compressed. 
Refreezing  of  the  ground  will  proceed  very  alowly,  in  very  thin  layers  each 
year.  The  temperature  of  the  freezing  layer  cannot  be  very  low  under  these 
conditions.  Therefore^  deformation  of  the  erected  structures  would  be  corres¬ 
pondingly  inappreciable.  It  should  be  noted  that  no  actual  caaoa^are  known 
where  a  rise  in  permafrost  level  has  had  any  negative  effect  on  the  atructuro. 
No  deformation  la  known  to  havo  occurred  due  to  such  a  rise.  On  the  con¬ 
trary,  a  rise  in  permafrost  level  is  desirable  because  it  would  increase  the 
strength  of  the  foundation  base.  In  the  case  of  structures  erected  by  means 
of  the  mothod  under  consideration,  however,  recurrence  of  tho  permafrost  is, 
improbable  because  tho  buildings  involved  are  heated  buildlngB  with  floors 
resting  directly  on  tho  ground  or  buildings  radiating  large  quantities  of 
heat. 

In  the  case  of  buildings  erected  by  this  method,  septic  tanks, 
wells,  malno,  and  piping  for  sewage  and  industrial  waste  may  he  located  within 
the  building  or  in  its  immediate  vicinity.  All  the  melioration  measures 
should  be  continued  after  the  structures  are  in  use  and  now  measures  should 
be  undertaken.  It  is  reconanended  not  to  rdmovs  the  snow  from  tho  immediate 
vicinity  of  the  building  during  the  winter.  It  is  eseaptial  to  remove  as 
little  as  pds Bibid:,  and  to  practice  artificial  conservation  of  the  snow  near 
the  building.  ,  ^ 

The  depth  of  foundations  should  exceod  tho  depth  of  winter  freezing 
of  the  ground.  The  latter  depth  should  be  determined  pa  an  area  Iron  which 
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the  vegetation  cover  has  been  removed.  It  is  essential  to  install  a  drainage 
system  around  the  building.  This. system  comprises  a  wooden  pipe  laid  about 
1  o  below  the  active  layer  and  ioverad  with  rubble  or  gravel,  and  an  open 
ditch. 0.60  to  1.00  m  deep  and  0»30  bo  0,1*0  a  [wide  at  the  bottom,  Figure  90 
ahows  the  arrangement  and  location  of  this  system  with  respect  to  the  build¬ 
ing.  The  function  of  the  drain  is  to  deorease  the  moistire  in  the  ground  in 
order  to  prevent  excessive  swelling  of  the  active  layer.  Other  measures  of 
similar  nature  are  presented  in  B-5?  of  this  chapter. 

With  regard  to  construction  of  buildings  in  areas  where  perma¬ 
frost  is  absent  or  occurs  at  great  depth,  the  design  of  wooden  buildings 
differs  from  that  of  masonry  buildings.  Both  designs  depend  on  the  composi¬ 
tion  and  moisture  content  of  the  active  layer  because  daformaticn  of  such 
buildings  can  result  only  from  swelling  of  the  active  layer.  Whan  the  active 
layer  swells  and  is  excessively  wet,  wooden  buildings  usually  are  designed  in 
the  form  of  franc  structures  capable  of  resisting  deformation.  Such  resis¬ 
tance  can  be  achieved  by  making  extremely  rigid  corners,  using  vertical 
clamps  fixed  with  bolts,  doweling  of  individual  timbers,  and  securely  bolt¬ 
ing  the  lower  timbers. 

As  in  the  previous  instances,  wooden  buildings  of  secondary  impor¬ 
tance  may  bo  erected  on  cribs.  The  air  space  beneath  the  floor  should  be 
insulated,  so  that  the  ground  would  not  be  subjected  to  intensive  freezing 
during  the  winter  and  excessive  swelling  would  be  avoided.  Therefore,  a 
plank  skirting  ia  built  around  the  outside' base  of  the  building  (Fty.  99) 
and  is  filled  with  an  insulating  mixture  of  sand  with  peat,  moss,  sawdust, 
coniferous  needles,  etc.  The  flooring  may  consist  of  a  false  and  regular 
floor,  but  it  should  bo  built  so  as  to  assure  maadaum  air  tightn^fs  and  in¬ 
sulation  and  satisfy  the  standard  requirements  of  an  adequate  temperature 
at  floor  level.  The  most  suitable  pug ping  material  for  the  false  floor  la 
a  relatively  dense  material  such  as  slag  concrete,  .cemented  sawdust,  and 
similar  materials,  but  not  loose  materials  such  as  plain  clag,  peat  waste, 
or  sawdust.  v  ■  "  A '  „ 

i:  A  ditch,  0.60  to  1.00  m  deep  and  0.30  to  0.1*0  a  wide  at  the  bot¬ 
tom,  Sb  shown  in  Fig.  9.8,  should  bo  dug  at  a  distance  of  3  to  5  a  from  the 
walls  in  ordar  to  rwduro  ♦>>»  yarn afji'wo  < w  ♦  -nn*4mi  iayay  arosnd  tha  ~  '  ••  . 


building.  If  the  building  is  large>  the  foundations  may  consist  of  individual 
concrete  columns  extended  at  least  0.5  m  below  the  active  layer.  For  this  pUf 
pose,  the  depth  of  winter  freezing  £iould  be  determined  at  the  construction 
site  on  an  area  from  which  the  surface  covet' has  been  removed.  The  sides  of 
.  the  columns  should  taper  at  an  angle  of  70°  to  80°  and  should  be  smoothened  - 
with  cement  mortar.  The  tenoila  strength  and  resistance  to  heaving  of  theBe 
concrete  columns  should  bs  tested  in  accordance  with  the  instructions  pre¬ 
sented  in  ..Chapter  II, 

If  the  ground  is  suitable  for  driving  piles,  the  concrete  columns 
may  be  replaced  by  timber  pileSi  .  'The.  piles  sh<wld  extend  at  least  1  m  below 
the  active  layer.  Reinforced  concrete  pileB  may  be  used  in  the  case  of  major 

and  heavy  structures.  A  fill  of  nonswelling  material  should  be  placed  around 

the  piles  and  columns  within  the  active  layers  The  fill  should  have  a  radius 

of  0.7S  m  and  may  consist  of  rubble,  gravel,  or  screened  coarse  slag,  soaked 

In  fuel  oil,  naphtha,  or  tar,  anrt^jirot^cted  against  silting.  It  is  advis¬ 
able  to  provide  an  insulated  air  space  beneath  the  floor  and  to  drain  the 
ground  even  when  footings  or  pile  foundations  are  used,  particularly  if  the 

ty  .... 

active  layer  consists  of  material  which; swells  readily! 

The  foundations  for  masonry  structures  on  an  active  layer  consist¬ 
ing  of  well-draining  material  may  be  selected  arbitrarily,  provided  the  design 
allows  for  adequate  drainage  around  the  building  and  a  warm  air  space  beneath 
the  floor,  which  is  closed  off  during  the  winter.  If  the  active  layer  con¬ 
sists  of  wet  and  readily  swelling  material  (fine  sand,  silt  loam,  and  similar 
fine -textured  materials),  the  building  foundations  should  be  designed  in  the 
form  of  Individual  columns  of  masonry  or  reinforced  concrete.  Columns  of 
rubble  or  rubble  concrete  may  be  used  only,  when  the  load  on  them  is  suffi¬ 
cient  to  prevent  heaving.  This  factor  can  be  established  by  means  of  computa¬ 
tions  baaed  on  the  instructions  presented  in  Chapter  II. 

Kasonry  columns  should  have  a  smooth  finish  of  cement  mortar,  and 
their  sides  should  taper  at  an  angle  of  70°  to  80°.  Reinforced  concrete  col¬ 
umns  are- -designed  la  the  form  of  relatively  narrow  pillars  with  vertical 
sides,  reeling,  on  relatively  broad  footings,  as  shown  in  Fig.  76,  but  without 
the  grillage  platform  beneath  the  footing.  As  stated  previously,  the  natural 
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does  not  swell  .and  does  not  readily  adfreeze 


to  the  foundations.. 


■  Masronry  buildings  more  than  two  stories  high  nay  erected  on' 
continuous  rubble  foundations  if  their  air  spaces  or  basements  are  insulated, 
if  drainage  is  installed  around  the  buildings,  and  if  the  foundation  pits"  are 
backfilled  with  rubble,  gravel,  or  slag.  Industrial  buildings  (shBps,  factory 
plants,  depet?l should  be  erected  an  separate 'foundations  of  concrete,  rubble, 
or  piles,  if  the  active  layer  is  subject1’ to  heaving.  The  piles  or  other  sup¬ 
ports  should  be  designed  to  resist  tension  and  heaving.  If  the  piles  must 
pass  through  the  active  layer,  they  should  be  driven  to  a  depth  equal  to  J 


twice- the  depth  of  the  active  layer  plus 
tended  below  the  active layer ,xne  piles 


1  m.  In  the  ease  of  foundations  ex- 


dapth  and  should.be  tested  for  resistance  to  heaving  {Chapter  II,  P-l),  the 


magnitude  of  which  is  determined  in  accordance  with  local  conditions. 


Water  tanks  and  other  small  structures  may  be  erected  on  contin¬ 
uous  foundations  consisting  of  reinforced  concrete  slabs,  Concrete,  nibble 
concrete,  or  reinforced  concrete  foundations,  constructed  in  an  open  pit  or 
by  means  of  sunk  wells  and  caissons,  are  recommended  lor  cases  of  deep 
foundations  such  as  those  described  in  Chapter  IV,  P-2,  as  well  as  in  the 
case  when  permafrost  is  absent  but  the  ground  near  the  surface  is  weak  and 
the  active  layer  is  subject  to  considerable  swelling. 


A  foundation  column  extended  to  bedrock  may  be  constructed  in  an 
open  pit  by  means  of  siieet  piling.  The  sheet  piling  is  placed  in  two 
stages.  The  upper  row  is  made  considerably  wider  than  the  foundation,  so 
that  the  lower  row  could  be  installed  after  the  upper  part  of  the  pit  has 
heen  excavated.  The  sheet  piling  is  braced,  an-1  the  lotasr  row  serves  as  the 
form  for  pouring  the  concrete.  The  sheet  piling  may  be  wood  or  stool,’ 
Figure  100  shows  a  23-n  foundation  column  constructed  in  the  United  States 
in  arupon  pit  under  ordinary  conditions.  The  sheet  piling  is  steel.  The 
dimensions  and  design  are  shown  in  the  drawing.  The  bracing  consists  of 
I “beans  set  into  horizontal  I-beam  belts.  Steel  sheet  piling  is  appropriate 
under  our  conditions  and  is  reconsaended  for  this  type  of  operation, 
particularly  since  engineers  in  the  T’SSR  lave  adequate  experience  In 
this  method  of  construction.  Steel,  chest  piling  is  manufactured  now  at 
re*  ring  ~nis  iu  tiie  TiSSH.  ' 


Thawing  of  the  permafrost  in  the  foundation  pit  i6  readily  ac- 
coraplished  by  nears  of  steam  points,  in  individual  cases  where  circum¬ 
stances  are  favorable,  thawing  of  the  permafrost  may  bo  achieved  by  means 
^electrical  heating.  This  method  was  used  on  construction  at  Solikamsk 
[15,  page ‘288 j  and  is 'described  in  Chapter  V. 

-Stunk  wells  and  caissons  may  be  of  wood,  metal,  reir^  creed  con- 
' crete,  or  even  ordinary  concrete.  Since  the  supports  oiten  muc '/  resist 
tensile  stresses  caused  by  swelling  of  the  active  layer,  it  is  advisable 
that  caissons  bo  of  combined  construction!  a  working  chamber  of  wood, 
and  the  remainder  of  concrete  reinforced  with  round^stcel  bars  which  fur¬ 
nish  the  tensile  strength  (Fig.  101).  Masonry  is  unsuitable because  its 
tensile  strength  is  low.  Sunk  wells’Tn  permSTFuStr ^Biraba^WTnade_of=^sdj 
in  the  font  of  horizontal  timbers  with  an  outside  bracing  of  planks 
5  to  7.5  cm  thick  (Fig.  102),  depending  upon  the  dimensions  of  thV jell. 

The  planks  should  be  fastened  to  each  timber  or  to  every  second  timber  by 
means  of  at  least  two  nails  apiece.  The  timber  beams  should  be  boltBd  to¬ 
gether,  A  similar  design  may  be  used  in  the  ease  of  caissons,  and  the 
space  between  tho  wooden  wall  and  the  shaft  may  be  filled  with  masonry. 

Wooden  caissons  and  sunk  wells  should  hftve  a  rectangular  hori¬ 
zontal  section.  A  circular  shape  is  preferable  in  the  case  of  caissons 
and  sunk  wells  made  of  concrete  or  reinforced  concrete  because  this  shape 
facilitates  construction  operations  and  yiolds  the  largest  relative  bearing 
area.  The  diameter  of  the  foundation  column  in  a  sunk  well  or  caisson 
should  bo  determined  From  calculations,  but  it  should  be  not  less  than 
0O  or  100  cm  in  order  to  facilitate  excavation.  The  working  chamber  of  a 
caisson  usually  is  about  2  a  high;  if  the  column  diameter  is  snail,  tne 
ch*ud>or  should  be  designed  to  accommodate  h  single  workman.  Sunk  wells 
may  have  removable  natal  casings  which  are  gradually  removed  as  the  column 
is  being  constructed  !  15,  page  238 !  .  Sunk  wells  and  caissons  are  ad¬ 
vantageous  because  they  onablo  construction  of  deep  foundations  even 
under  i-lie  most  unfavorable  conditions;  The  diagrams  presented  previously 
a re  based  on  construction  experience  under  ordinary,  nonpermafrost  con¬ 
ditions.  However,  similar  designs  may  readily  be  utilized  under  permafrost 
conditions.  In  the  case  of  sunk  wells  and  celadons  in  permafrost, -the 
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pits,  may  be  prepared  by.  thawing  the  ground  with- steam  points,  electrical 
-heaters,  or  hydraulic  dredging  with  hot  water.  The  tensile  stresses  due  to 
swelling  and  the  corresponding  reinforcement  may  be  computed  in  accordance 
.with  instructions  presented- in  Chapter  II,  B-l.  __ 

5.  iieasures  Against  Heaving  of  foundations 

Swelling  of  the  active  layer  is  inevitable,  regardless  of  the 
construction  method  used.  Therefore,  it  is  necessary  to  apply  a  series „of 
measures  which  would  protect  the  building, foundation  against  heaving.  - 
Essentially,  these  measures  are  as  follows. 

Foundations  should  be  built  in  the  fora  of  individual  supports 
of  the  smallest  section  possible,  designed  to  becon»  wider  with  increasing 

a  . 

depth  in  the  active  layer.  -  Their  sidee  should  taper  at  an  angle  of  7Cr  to 
80°  with  respect  to  the  horisontal  arid  should  be  smoothly  finished  with 
cement  mortar.  Wooden  columns  should  be  smoothly  planed  and  tarred.  It  is 
advantageous  to  fill  the  pit  around  the  foundation  with  gravel.  Prior  to 
filling,  the  gravel  should  be  mixed  with  naphtha, “fuel  oil,  or  coar  tar* 
Planks  or  a  sand  filter  should  be  used  to  protect  the  fill  against  silting. 
The  ground  surface  around  the  building  should  be  covered  with  insulating 
material  In  order  to  reduce  the  intensity  oi  freezing.  If  the  permafrost 
occurs  at  great  dopth,  it  Is  essential  to  provide  on  Insulated  air  space 

O  .  *•  iv  • 

beneath  the  floor.  . _ 

If  the  active  construction  method  is  vised,  it  is  essential  „to  dry 
the  ground  around  the  building  as  much  as  possiblo.  If  either  of  the  other 
two  construction  methods  is  used,  drainage  is  permissible  only  to  the  extent 
that  it  does  not  interfere  with  conservation  of  the  peraafroet  or  with 
retardation  of  its  thawing.  Foundations  must  be  sufficiently  strong  in 
tension  to  resist  the  effect  of  swelling  of  the  active  layor.  ' 

Piles  within  the  active  layer  must  be  smoothly  planed  and  coated 
with  tar,  pitch,  fuel  oil,  or  crude  oil.  Prior  to.  coating,  all  large  cracks 
in  the  pile  should  be  filled  with  a  suitable  material.  The  active  layor  "' 
around  the  pile  should  be  excavated  within  a  radius  of  1.0  to  1.5  a  and  the 
pit  should  be  filled  with  gravel  of  5  to  10  ca  in  diameter  and  with  a  layer 
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of  sand  j  placed  within  a. Wooden, fr^erwithout  a..batfcciffi.  "  Tfcj>  fill  -should 
be  placed  in  successive  layer^af  .thickness  equal  to  the  width, of  the 
frame  plank.  A  Z$- to.JJO-cm  layer  of  peat  or  moss  should  be  placed  on  the 
bottom  of  the  pit  prior  to  filling.  The  fill  should  extend  to  within  0.6  m 
belort'  the  ground  surface  and  should  be  covered  with  20  to  10  cm  of  moss, 
peatj or  straw.  The  remaining  part  of  the  pit  should  be  filled  with  well- 
tamped  local  earth.  Figure  103  is  a  diagram  of  this  type  of  fill. 

The  OST  Manual  Nod  90032-39  gives  the  following  detailed  in¬ 
structions  regarding  the  aspect  under  consideration* 

OST  No.  90032-39-Xx 

3b.  Far ti  ;ul ar  attention  should  Bf "given"  to  proTeetlng''^~iouhdhtiona 
and  the  entire  structure  against  deformation  due  to  heaving  forces  and  icing 
phenomena.  Accordingly,  the  following  measures  are  recommended* 

(a)  To  dry  the  area  by  means  of  grading)  to  build  an -impel  /ious 
barrier  .around  the  structurej  to  install  troughs  and  paved  ditches' fcr  rapid 
removal  of  atmospheric  precipitation)  to  provide  drainage  installatic us  .that 
would  not  freeze,  etc. 

(b)  To'place  insulation  layers  on  the  ground  near  the  foundations 
so  as  to  reduce  the  thickness  of  the  active  layer, 

(c)  To  eliminate  or  reduce  the  effects  of  hydrostatic  and  hydro¬ 
dynamic  pressures  by  using  deep  drainage,  frost  belts,  and  frost  dike e. 

35.  The  following  measures  are  reconsnended  to  reduce  the  adfreezing 
between  the  active  layer  and  the  foundation* 

<J  ■■ 

(a)  To  fill  the  pit  around  the  foundation  with  coarse  and  i  in- 

swelling  material  such  as  gravel,  rubble,  or  coarse  sand.  The  backfill  « 

should  be  well  drained  and  protected  against  silting. 

(b)  To  taper  (net  more  than  70°  with  respect  to  the  horizontal) 

the  sides  of  the  foundation  columns  and  to  smoothen  their  surfaces.  Foun¬ 
dation  surfaces  should  be  smoothened  or  iron  plated,  “  while  timber  piles  and 
posts  should,,  be  planed.  . 

36.  Structural  foundations  should  be  designed^to  resist  ejection  from 
the  ground  and  failure  duo  to  the  adfreeeing  forces.  The  allowable  shearing 

-stresses  and  the  adfreezing  stresses  involved  are  presented  In  OST  Tables 
Ill  and  IV. 

37.  Heavier  of  foundations  due  to  adf  roe  sing  forces  r  n  bo,  counter¬ 
acted  as  f ol lows  t  " 

To  reduce  the  numbor  of  foundation  columns  by  increasing  the 
load  on  each  column  and  to  decrease  tha  cross  section  of  the  . column  within  * 
..the  active  layer  sc  as  to  decrease  the. adfreezing  surface*  ~ 
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05T  TABLE  HI 


ALLOWABLE  SHEARING  STOESSES  FCR  FROZEN  FINE- TEXTURED 
GROUND  (LOAAC  SAND,  CLAI  LOAM  A©  SILTY  CUT  LOAM) 


Ground  Temperature 
in  Degrees  G 

0 

<■0.5 

*1.0 

“1.5 

•.2.CT 


AxiowabjLe  ijorwuw 
in  Kg  per  5q  Car 

0.5 

li5 

2.5 

3.5 
5.0 


(b)  To  anchor  the  foundations  in  the  ground  below  the  active 

layflr,_=*ivt^nding  T.nnm  the  rft/rn'irari  di*rtariefl  into,  the  permafrostlayer_or _ 

the  thawed  layer.  , 

(o)  To  design  the  foundations  in  such  a  way  that  they  would 
withstand  the  tensile  stresses  due  to  heaving. 

38.  The  following  measures  can  prevent  deformation  due  to  possible 
horiaontal  displacement  of  structures  located  on  ground  which  swells 
readily  and  has  a  high  water  table,  particularly  if  basements  are  in¬ 
cluded  in  the  plant 

(a)  To  reduce  the  distance  between  cross  walls,  and  to  con¬ 
struct  buttresses,  cross  foundations,  or  rigid  booms  in  the  space  between 
those  walls,  if  neaess&ry. 

(b)  To  strengthen  the  foundations  by  constructing  rigid  rein-c 
forced  concrete  belts. 

-  V 

C.  Instructions  and  Considerations  Regarding  Stable  Design  of  the  Road 
Structures. 

■  1.  General  Remarks-  “  - 

The  essential  aspect  of  design  and  construction  of  road  structures 
ie  that  stat  ility  can  be  achieved  only  be  wans  of  a  series  of  various 
measures  comprising  proper  selection  of  site,  design,  material,  and  insul¬ 
ation,  as  well  as  proper  engineering  procedures. 

Proper  selection  of  a  site  ie  a  considerable  task.  It  involves 
consideration  of.,  the  entire  cos?>lex  of  topographic ,  geological,  hydrogeolog 
iealj  permafrost,  and  ground  conditions.  It  Is  necessary  tojendeavor  to 
locate  these  structures  in  areas  where, bedrock  occurs  et  or  near  the  ground 
surf ace,  in  areas  where  the  acti^  layer  Consists  of  coarse  material  or 
solid  clay,  where  the  upper  permafrost,  licit  occurs  at  great  depth, !  or  where 
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STRESSES  DUE  TO  ADFREEZING  BETJEEM  GROUND  AND  WOOD  OB  CONCRETE 
IN  KtLMRAlS  PER  SQUARE  CENTIMETER 


'  1 .  The  stresses  at  other  temperatures  and  ice 

saturation  are  determined  by  interpolation. 

2.  .In  the  case  of  gravel  protected  against  silting 
and  draining  freely,  the  stress  is  taken  aa  O.U  kg  per 
sq  cm. 

3.  Ice  saturation  is  determined  from  the  formula 
I  -  U/Wp,  where  W  is  the  weight  of  ice  (water)  in  the 
ground,  and  Wp  is  the  water-holding  capacity  of  the 

:E .  " 

'thawod  ground, 

I*.  In  checking  the  tensile  strength  of  the  founda¬ 
tions  in  accordance  with  the  adf reeling  stresses  given 
in  the  table,  the  ultimate  tensile  strength  may  be  used, 
without  any  safety  factor. 
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permafrost  is  absent  (most  advantageous  location).  A  road  structure  should 
not  be  constructed  over  imbedded  ice,  since  this  would  result  in  melting  of 
the  ice  and  deformation  of  the  structure.  River  crossings  should  be  located 
at  points  where  there  is  only  one  deep  channel  running  batvroenhlgh  bonks  and 
containing  no  island  or  former  beds.  It  is  inadvisable' to  locate  crossings 
in  the  v^clijity  of  ^sandbanks  because  river  icings  tend  tc  form  in  such  areas, 
which  coneltitutes  a  hazard  to  the  bridge  and  its  approaches. 

Long  diversion  ditches,  which  accommodate  the  water  from  several 
channels  and  direct  it  towards  a  bridge  opening  or  culvert,  are  inadvisable 
in  poruafrost  regions.  Such  ditches  are  permissible  only  in  solid  rock  and 
when  the  flow. ie  fairly  small .  Long  ditches  are  inadvisable  for  several 
reasons.  Firstly,  every  ditch  in  the  permafrost  disturbs  the  existing  perma¬ 
frost  regime.  Secondly,  it  is  difficult  to  maintain  the  drainage  ditches, 
even  if  they  have  ehallow  grades.  Finally,  proper  stability  of  the  ditches 
cannot  be  achieved  under  permafrost  conditions.  It  is  essential  to  avoid 
deep  drainage  ditches  in  order  to  lessen  the  nogativo  effect  of  the  water  on 
the  stability  of  the  permafrost  regime.  For  the  same  reason,  it  Is  inadvis¬ 
able  to  deepen  the  channel  of  a  stream  near  a  small  bridge  if  the  bridgo  is 
to  bo  designed  in  accordance  with  the  principle  of  permafrost  consorvation  at 
the  foundation  base. 

Hie  openings  of  large  and  medium  bridges  or  culverts  are  determined 
from  results  of  ordinary  hydroaetric  investigations,  Hie  openings  of  small 
bridges  may  be  determined  in  accordance  with  local  engineering  conditions, 
with  due  consideration  of  the  climatic  and  meteorological  conditions  of  the 
given  region  and  the  faotors  influencing  the  rate  of  flow.  Since  accumula¬ 
tions  of  large  masses  of  water  greatly  affect  the  permafrost  regime,. the 
opening  beneath  a  bridge  should  be  of  sufficient  size  so  at  to  prevent  up-" 
stream  accumulation  of  large  quantities  of  water  for  long  periods  of  time. 

It  is  important  to  note  that  designing  the  size  of  an  opening 
beneath  a  email  bridge  under  permafrost  conditions  is  extremely  complicated 
because  the  ground  (except  for  marl),  which  does  not  thaw  during  a  definite 
part  of  the  year  and  is  supersaturated  during  the  remaining  part,  does  ..not 
readily  absorb  water,  and  because  it  ie  difficult  to  estimate  the  various 
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rotas  tif  flow,  since  thuGO  rates  depend  on  the  surface  cover  which  varies 
greatly  from  one  year  to  tHe  noxi.  -It  is  further  necessary  to  realize  that 
no  data  are  available  regarding  the  regime  of  rivers  in  the  permafrost  re¬ 
gion,  even  in  the  cnee  of  large  rivers.  It  is  obvious,  therefore,  that  no 
information  is  available  regarding  the  hydrometric  aspect  of  email  water¬ 
ways  and  streams.  Therefore,  although  the  discharge  ie  an  essential  factor 
in  the  design  of  a  bridge,  the  only  available  data  would  be  those  obtained 
from  observations  carried  out  durinr  the  two  or  three  years  from  the  initial 
studios  to  the  boginning  of  cnrotr  .ctlon.  Of  courso,  those  date  are  inade¬ 
quate  for  good  design.  Accordingly,  it  is  perhaps  advisable  to  conot(rudt_ 
temporary  wooden  bridgos  in  places  for  which  definite  "data  are  not  available 
and  whore  local  condi tions  mako  it  impossible  to  obtain  adequate  data  for 
"  tiB0~iTr'ajTaiysic  unirnp  fetfer  fOr  uivlj-ri  s.  -Exceptions  are  allowed  in  cases  - 

where  temporary  wooden  structures  aro'rpt  feasible  because  of  special  con¬ 
siderations.  'While  the so  bridges  are  in  Use,  the  passage  of  flood  waters' 
beneath  these  bridges  can  be  observed  over  a  period  of  sovoral  years,  making 
accurate  data  available  for  the  design  of  the  bridge  opening  and  for  selec¬ 
tion  of  the  propor  type  of  permanent  structure. 

The  size  of  the  opening  benoath  a  small  bridge  and  the  si208  of 
individual  spans  of  medium  and  large  bridges  are  additionally  influenced  by 
the  fact  that  rivers  and  streams  in  the  permafrost  region,  which  pase  tlirough 
forested  areas,  carry  a  large  number  of  uprooted  trees  during  high  stage. 

Those  trees  may  block  and  clog  small  spans.  On  the  other  hand,  experience 
has  demonstrated  that  piers  of  small  bridges  with  maximum  spans  of  20  to.-. 

c  arc  deformed  more  frequently  than  piers  of  larger  spane.  Moreover,  the 
smaller  the  span  the  more  extensive  is  the  deformation.  Accordingly,  it  is 
advisable  to  avoid  small  spans  when  this  is  feasible  with  respect  to  engineer¬ 
ing  and  economic  consideration.  The  minimus  span  of  s,  multipp&n  bridge  should 
ranro  from  t'l  to  Z)  o  in  the  case  of  steel  structures  and  from  12 -to  1U  m  in 
the  case  of  roinforcod  concrete  structuring  ; These  magnitudes  are  determined 
in  accordance  with  existing  typical  multispan  bridges  end  from  considerations 
of  the  weight  of  the  piers  and  the  loads  on  them.  The  difference' in  minimum 
span  length  of  steel  and  reinforced  concrete  structures  is  based  on  the  fact 
t! at  weight  of  and  the  load  on  an  individual  pier,  should  be  approximately 
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the  same  in  both  cases,  per  unit  bearing  araa  of  the  piers.  - 

It  is  advisable  to  avoid  multispan  bridges  with,  small  spans. 

Singlo  span  bridges  on  abutments  are  preferable.  Of  course,  this  should  be 
dope  only  when  a  singly  span  bridge  is  not  excessively  costly  or  ie  not  feas¬ 
ible  because  qf_pomplications  in  constructing  tho  approaches.  Under  the  com¬ 
plicated  conditions  of  permafrost,  hovavBr,  it  is  perhaps  judicious  to  erect 
a  relatively  more  costly  structure,  but  such  that  would  not  deform.  Ex¬ 
perience  in  construction  of  bridges  on  permafrost  has  not  presented  a  single 
caoo  of  deformation  of  such  abutments.  With  regard  to  bridges  with  largo 
3pana,  it  has  bean  noted  that  ouch  bridges  are  not  subjoct  to  deformation; 
their  piers  do  not  ticavo,  settle,  or  tilt. 

Selection  of  the  proper  typo  of  road  structure  depends  on  local 
conditions,  economic  considerations,  and  the  Vegima  of  tho  froaon  ground.  ™ 
Thoso  structures  comprise  the  following;  filter  dame,  culverts,  and  bridges 
erected  on  pileo,  cribs,  or  solid  pierB. 

Filter  dams  may  bo  used  in  the  case  of  dry  bods  if  the  damB 
are  protected  against  silting  and  clogging  with  debris.  In  this  case  they 
may  replaeo  culverts  or  ramll  bridges  if  tlie  expected  flow  is  5  to  10  cu  m. 
These  damB  are  recomr ended  not  only  on  account  of  tho  usual  onginoorinp  and 
econcteic  considerations,  which  are  influential  factors  in  each  instance,  but 
also  bocause  use  of  such  dams  on  a  oertain  major  road  has  been  quite  satis¬ 
factory.  However,  tho  data  regarding  their  effectiveness  are  not  definitive 
because  the  dans  were  constructed  not  long  ago.  Therefore,  such  dams  may 
bo  used  in  place  of  bridges  or  cbl verts  only  if  they  satisfy  the  series  of 
requirements  listed  later.  Those  requirements  may  be  modified  in  the  future 
when  additional  end  more  definite  information  about  the  behavior  of  filter 
dans  Is  available.  :  •  „  if  - 

Culverts  are  not  suitable  in  areas  whSre  io inns  may  form.  The 
culvert  Cluster  should  be  not  lass  than  2  m  in  the  case  of  wet  beds  or 
streams  in  which  flow  occurs  also  in  Ihe  alluvium  of  the  bed.  It  rhould  be 
noted  that  culverts  deform  as  readily  as  'bridges,  but  their  deformation  does 
not  effect, the  roadbed  and  interfere  with  its  uso  to  the  sane' extant  as  the 
deformation  of  bridges.  ,  __ ,  ..  '  '  n 


If  it  is  i -possible  to  determine  -accurately  the  bridge  opening 
because  of  inadequate  inforraatioi.  regarding  the  region,  the  watershed,  and 
the  flow  retriae  involved,  it  is  ddvisable  to  build  wooden  bridges  in  ,ac- 
"eordanco  with  the  principles  discussed  previously.  'Wooden  bridges  on  piles 
may  be  erected  on  permafrost  or  in  areas  where  permafrost  is  absont.  How¬ 
ever,  the  essentia]  condition  is  protection  of  the  piles  against  heaving. 
Cushioned  abutments  are  recommended  in  the  case  of  reinforced  concrete  or 
steel  bridges  Greeted  on  ground  that  is  subject  to  considerable  heaving. 
Masonry  bridges  are  suitable  only  if  they  can  be  based  on  rock. 

Bridoos  on  colid  piers  are  suitablo  ip  places  where  the  bedrock 
occurs  at  shallow  depth;  however,  wooden  bridgoa  on  crib  piers  should  bo 
used  if  it  is  not  feaeible  to  calculate  the  required  opening.  Wooden  bridges 
on  ordinary  timber  grillages  are  not  suitable  in  permafrost  regions  because 
of  the  extensive  and  inevitable  deformation  involved.  Exceedingly  complex 
and  expensive  measures  are  required  to  prevent  deformation  of  such  bridges. 
Where,  the  joi-maf  rust,  le  merging  or  layered,  wooden  bridges  may  bo  erected 
on  piles  driven  by  moane  of  steam  points  or  on  erib  piers.  If  accurate 
computation  of  the  openings  is  foaoiblo,  bridges  on  solid  foundations  may 
be  used  under  these  conditions.  - 

2.  Design  of  Kilter  Dorns  , 

Kilter  dams  are  mads  of  stone.  Their  dimensions  and  shape  are 
determined  by  hydraulic  analysis.  Figure  10U  is  a  genera]  view  of  such  a 
dam  desirnad  for  a  recently  built  road,  This  shape  is  preferable  t<5  that 
shown  In  Kifi.  IDS’  bocause  the  latter  tends  to  dofonn  during  spring  thawing 
of  the  frozen -slopes.  The  deformation  is  due  to  the  weight  of  the  stones 
on  the  underlying  layers.  The  stone  used  in  a  filter  dam  should  be  frost-  t, 
proof.  This  property  should  be  established  by  means  of  Suitable  tosts  using 
repeated  freezing  and  conducted  in  accordance  with  standard  methods.  The 
Biza  of  tJx»  stones  should  be  relatively  uniform.  It  is  recoasMnded  to  use 
Stores  measuring  not  less  than  30  ca  in  diameter  ahd  weighing  t»0  to  HO  kg. 

The  size  of  the  stones  should  be  related  to  the  hydraulic  analysis.  A 
stepped  foundation should  be  used  in  the  case  of  4  filter  dam  erected  on 
slopes.  The  ledgas  should  bo  filled  with  dry  masonry  over'aess. 
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The  following  is  a  rational  procedure  f or  -construction  of  a  filter 
dua,  Stor.aa  of  relatively  uniform  size  are  laid  in  transverse  rows,  The 


nap  ixstween  adjacent  rows  is  5  te  10  cm  and  is  bridged  with  an  upper  course 

i  i  . 

of  stones,  ■,  The  atones  are  laid  flat  and  are  well  fitted,  each  atone  being 


placed  in  the  moat  stable  position- possible,.-. bo  that  the  stonework  re¬ 
sembles  a  honeycomb.  Tho  dam  should  lie  raised  to  the  height  of  the  expected 
water  level,  but  should  contain'  not  less  than  four  uc/  .-eeu-.  A  50-ern 
layer  of  small  stones,  sufficiently  largo  not  to  sift  into  the  spaces 
botwoon  the  underlying  largo  stones,  is  placod  on  top  of  tho  upper  layer 
nf  ntonownrk.  This  layer  is  covered  with  5’0  to  ■ 0  cm  of  fine  pebbles  or 
gravel.  Tills  layer  of  gravel  la  overlain  by  a  layer  of  mosB  or  peat  25  to 
30  cm  ..thick.  The  uppermost  layer,  extending  to  dosirr.  olevatim,  coneiets 
of  regular  material  usod  in  a  road;  The  dam  sides  along  the  road  aru  61  so 
-  covor-nd  with  .25— to  30  cm  of  mosa  or.  poot. _ _ _ _  a _ _ _ 


The  stroo.n  bod  near  the  filtor  dam  should  be  paved  in  accordance 
with  t!io  derir.n  volccity  of  flow  and  local  conditions,  A  fonce  made  of 
stones,  bruslswooii,  or  fascines  is  used  to  prevent  silting  of  t  .e  fil boring 
portion  of  tho  than,  filter  name  are  not  suitable  in  areas  whoro  formation 
o:  icings  is  possible. 


3.  bc,Ei.ai  of  Culverts 

Culverts  may  b$ built  of  reinforced  concrete,  ordinary  concrete, 
or  manor r-- .  Tho  choice  of  matorial  depends  upon  local  availability,  con¬ 
sideration  cuing  given  to  normal  engineering  reqv:ironents  and  special 
pnmnfrbst;  conditions.'-'  It  is  recommended  to  use  culverts  with  tnpored 

r'llar&  and  straight,  vringwalla.  Reinforced  concrete  culverts  should  be 

ii 

usod  if  tho  i-round  it  subject  to  swellirp,  that  is,  wl»on  it  does  not  enn- 

f 1st  of  sand  or  gravel,”  - 

The  foundations  should  have  a  roctangular  horizontal  section.  In 
♦  ho  cose  r,f  an  orcbanki-ent  less  than  5  «  high,  the  culvert  foundation  should 
wider,  toward  the  base  so  that  the  sides  tfbcld  elope  at  an  angle  not  grontcr 
than  $0  (fig.  106).  These  sides  should  bo  smoothly  fnishedLand  coated 
with  rrudo  --il,  pitch,  tar,  or  a  similar  substance.  If  the  embnnkrannt  is. 
over  5  r.  high,  ,  such  foundation^  are  required  only  ur.cer  the  collars  and  tho 


extreme  members  of  the  culvert,  while  the  remaining  portion  of  the  foundation 
may  be  of  standard  design.  If  the  embankment  is  leas  than  3  m  high  and  ia 
erected  on  permafroot,  the  foundation  of  the  entire  culvert  should  reat  on  a 
grillage  consisting  of  two  crossed  layers  of  wooden  beams  measuring  16  by  16 
cm.  The  grillage  should  be  placed  on  the  thinnest  possible  layer  of  clean 
sand  used  merely  to  level  the  bottom  of  the  excavation.  If  the  embankment 
is  moro  than  3  m  high,  grillage  may  be  used  only  under  the  extreme  members 
and  the  collars  of  the  culvert. 

If  tho  ground  is  excessively  wet  and  subject  to  swelling,  it  is 
advisable  to  remove  the  local  ground  around  the  foundations  beneath  the  col¬ 
lars  and  tho  oxtreme  members  and  to  fill  the  spaco  with  coarse  gravel  (5  cm 
in  diamotor)  soaked  in  fuel  oil.  The  width  of  the  backfill  should  be  not 
lose  than  1  m.  It  is  recontnended  to  protect  the  backfill  against  sifting 
sand.  If  the  embankment  is  low,  the  gravel  backfill  around  the  foundations 
should  extend  the  entire  length  of  the  -culvert.  - . .  ...  ...  .  _ 

If  permafrost  ie  absent  or  occurs  at  great  depth,  the  depth  of  the 
culvert  foundations  is  determined  in  the  regular  manner.  Then  permafrost 
occurs  diroctly  beneath  the  active  layer,  the  foundation  depth  under  the 
collars  and  extreme  members  should  be  equal  to  tha  thickness  of  the  active 
layer  (dotorairtad  on  an  area  from  which  the  surface  cover  has  been  removed) 
plus  a  l.Q  to  l<5  b  extension  into  the  permafrost.  This  depth  includes  the 
height  of  the  grillage  and  ‘the  underlying  sand.  In  the  case  of  concrete  or 
rubble  foundations,  the  foundations  beneath  the  center  members  of  the  culvert 
may  be  extended  into  the  permafrost  only  to  a  depth  of  0.!?  m.  If  the  bottom 
of  the  culvert  consists  of  a  reinforced  slab  about  0.5  m  thick,  the  founda¬ 
tion  beneath  the  center  members  may  be  shallower.  In  this  case,  however, 
tho  grillage  should  extend  beneath  the  entire  culvert,  regardless,. of  the 
height  of  the  embankment. 

The  function  of  tho  timber  grillage  beneath  culvert  foundations  is 
twofold; "fl)  it  is  not  heat  conductive,  so  that  it  prevents  thawing  oT  the 
ground  beneath  the  foundation  during  construction,  Ond  (2)  it  facilitates 
uniform  distribution  of  the  load  on  the  base,  thus  improving  the  capacity  of 
the  .''structure  tc  resist  deformation  when  the  ground  thane.  The  grillage 
sassti-tutesr  a  imat  insulator  tc  a  certain  extent. 


backfilling  culvert  foundations  with  gravel  is  roue 


supplementary  r.aasuro  of  protection  against,  heaving  of  t'nc  foundation. 
Despite  the  fact  that  construction  engineers  recently-  ;ogan  to  rogard  such 
-backfilling  as  an  ineffective  measure  against  h&svlfitsf-'-i&vertheless  it  is 
valuable.  Of  course,  if  such  backfilling  ie  difficult  or  costly,  sand  or 
slag  may  be  used,  or  it  may  bo  entirely  omitted.  It  is  recommended  not, 
to  remove  the  foundation  forms,  but  to  leave  then  in  the  ground. 


h.  Design  of  Timber  Trestles  and  Bridges 

The  choice  of  deaign  for  "a  timber  trestle  'r  bridge  depends  or. 
local  conditions.  Tho  following  criteria  should  be  applied.  Girdor  uwl 
-  tniss  systems  of  wooden  bridges  may  be  used  if  the  permafrost  occurs  at 
great  depth  or  is  entirely  absent  in  the  given  area  and  if  tho  ground  con¬ 
tains  little  moisture  and  does  not  swell,  as  in  tho  case  of  gravel  or 
coarse  sand.  Truss  systems  and  particularly  multiple  truss  systems  can¬ 
not  be  used  if  the  active  layer,  is  excessively  wet,  oven  though  it  con¬ 
sists  of  sand,  regardless  whethor  permafrost  is  present  or  absent.  Only 
girder  fcridres  supported  on  piles  are  permissible  if  tho  active  layor  is 
wot  and  -consists  of  clay  loam,  sandy  loam,  loamy  sand,  or  fine  sand. 

The  limitation  imposed  upon  the  use  of  truss  bribes  is  due  to 
tho  fact  that  relatively  small  heaving  or  settling  of  tho  support  of  a 
truss  bridge  inevitably  causes  deformation  of  tho  structure  and  oxcesoivo 
stresses  in  individual  members.  Tho  resulting,  deformation  interferes  with 
traffic  across  the  bridge  and  sometimes  involves  complete  destruction  of 
the  bridge. 

If  the  permafrost  occurs  at  shallow  depth  immediately  below  the 

rf  ’  ’ 

active  layer,  it  is  permissible  to  use  girder  bridgeo  resting  on  piles 
driven  into  t*>e  ground  by  moans  of  steam  noints,  as  troll  as  girder  bridges 
on  low  cribs.  The  proper  procedures  to  decrease  the  strength  of  nd- 
fropsing  ba tween  the  active  layer  and  *he  pile  nr-nunnted  later. 

Wooden  bridges  are  not  recommended  if  bedrock  occurs  at  shallow 
depth.  If  they  must  be  used,  they  should  be  supported  on  cribs  or  st^na 
piers,,  flat  basos  of  tho  usual  type  should  not  bo  used  for  trostles  and 


bridges  in  the  pentafro/st  region  if  the  ground  is  wet,  because  of  the 
excessive  doformatinn  involved.  They  should  not  be  used  also  if  bedrock 
occurs  at  shallow  depth.  Although  piles  cannot  be  used  if  the  bedrock  is 
near  the  ground  surface,  nevertheless  use  of  flat  bases  under  such  con¬ 
ditions  is  difficult  because  it  is  necessary  to  enploy  special  devices  to 
anchor  the  footings  to  tiie  rock,  which  is  complicated,  costly,  and  un¬ 
reliable. 

Wooden  bridges,  trestles,  and  other  structures  erected  on  piles 
in  the  permafrost  region  do  not  differ  from  similar  structures  erocted  under 
normal  conditions^  except' that  the  pile  foundations  areaiTanged  in  accor¬ 
dance  with  several  particular  factors.  It  is  'necessary  to  consider  the 
■following  two  possibilities ;  (1)  the  piles  are  driven  into  thawed  ground, 

that  is,  permafrost  is  absent,  and  (2)  the  pileB  are  sunk  into  the  perma¬ 
frost  layer.  In  both  cases  the  piles  may  be  subjected  to  heavinn  due  to 
swelling  of  the  active  layer.  The  possibility  of  heaving  is  greater  when  - 
tho  ground  consists  of  f i no-textured  matorial,  and  is  somewhat  smaller  if 
the  ground  consists  of  well-draining  material.  In  reneral,  howover,  the  do- 
terming  factor  is  the  moisture  content  of  tho  ground.  Fully  saturated  or 
supersaturated  round  is  the  most  hazardous  in  this  respect. 

Where  permafrost  is  absent  or  occutb  at  great  depth,  the  piles 
should  bo  driven  to  at  least  twice  the  depth  h  of  tlie  active  layer  plus 
1.0  to  1.5  m  (Fig.  107)  and  should  be  tested  for  resistance  to  heaving  on 
tho  basis  of  the  fact  that  the  heaving  force  N  must  not  exceed  the  re- 
•S  slating  force  ;  5.  Tho  latter  force  is  determined  by  means  of  standard 
computation  of  the  bearing  capacity  of  piles  15,  20  in  various  types 
of  ground.  This  computation -is  based  on  the  fact  that  a  pile  is  retained 

in  the  ground  by  friction  along  the  depth 

i: 
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hj  «  h  ♦  1.0  to  1.5  a 

In  ether  words,  it  is  assumed  that  the  pile  is  held  by  the  ground  layer 
be]cw  the  active  layer.  In  computing  tho  forces  involved,  it  is  recOmmendod 
to  take  into  consideration  the  fact  that  a,  certain  fraction  of  the  heaving 


force  IT  is  counteracted  'by  the  weight  of  the  pile'  and  the  constant  load 
the  pile,  which  constitute  the  magnitude  Q.  Accord: ugly,  the  condition 
stability  of  the  pile  is 

"  ^  c  S1  +  Q 

in  .which  Sx  !;•  the •  force  dopendinp  on  too  firmness  with  v.\  ich  tho  pile 
held  in  t-ho”  l'ayor  of^isirht  h^. 

The  allowable  total  vertical  load  is  established1  by  n uanr  of  • 
driving  tests  ant'  <>y  corresponding  standard  computations,  This  loud  c?} 
not  exceed  tno  magnitude  established  by  specifications. 

If  the  pile  is  extended  Into  the  permafrost,  as  shown  in  hip. 
heaving  of  tho  pile  is  counteracted  by  the  adfraezing  between  the  pile  i 
tho  frozen  f^ound  of  depth  h^«  Therefore,  tho  depth  necessitates  cor 
..jutation,  but  should  exceod  the  thlchnoss  of  the  active  layer  by  1.0  to 
J  .L  m.  It  is  essential  that  the  hcavinp  forco  on  tho  pile  should  not  cj 
coed  the  idf  roe zing  strength  between  the  pile  arid  the  permafrost  layer  t 
depth  h^,  A  c<  t. start  lose!  on  the  pile  may  be  ossumod.  Tie  condition  fc 
et.abi’ity  <'f  the  pi  lb  is 


fl  h^  p  (  ♦  Q 

in  which  £  is  the  perimeter  of  the  pile,  i  is  tho  mamitudu  of  tho  atrei 
determined  in  accordance  with  OST  Tables  III  and  IV,  and  Q  is  tha  cr.nstc 
road  on  tne  pile,  including  the  woipJit  rf  the  pile.  In  those  computntio 
thu  thiclmoas  of  tho  sc tivo  layer  should  bo  cetormiTiod  at  the  construct! 
site  under  C'wGitirnc  of  bare  surface^  It  is  advantageous  to  urivu  the 
j  ile  with  t,,e  butt  end  jor.nward,  cinco  Oils  increases  thoir  rusistv/ico  t 
her vine  to  sonu  extent.  Ii  is  inadvisable  to  aplico  piles  within  the  ac 
Inver  because -heaving  may  sever  them  (Fig.  32). 

In  order  to  reduce  the  aifreezing  strength  botweor.  the  active 
layer  and  the  pile,  the  following  measures  are  recdar.onded  for  use  in 
r.\  itai-le  cases.  Tho  section  of  the  pile  within  the1  active  layer '.should. 


6moothiy  planed  and  costed  with  tar,  pitch,  fuel  oil,  or  naphtha,  after  all 
the  cracks  have  beor.  sealed ,  It  is  advisable  to  ueg  a  peat  cushion  30  cm 
thick  and. .2  ra  in  diamator  around  the  pile  at  the  top,  and  a  coverin'’  layer, 
of  loon,  ftround^  -These  measures  nay  bo  omitted  in  the  case  of  piles  set 
within  tho  cone  of  tho  fill  and  protected  by  a  ground  layer  2  m  thick  as  well 
as  in  the  case  of  piles  located  either  in  a  nortfrees.Isig. •  t'txoai-  iusd  or  in  a 
frcezJnt  strong.  the  bed  of  which  consists  of  well-drainin'",  material, 

(gravel,  and  clean  coarse  or  medium  onnd). 

Grib  piers  may  bo  used  t'vaupport  tjm  bridge  proper  or  as  bases 
for  tiif  support  framework.  The  ,  cribs  should  bo  built  as  follows.  The  out¬ 
side  corners  of  t!>e  underground  portion  of  the  crib  should  dovnt-ail  and  tho 
corresponding  lower  courses  oi  tinlers  should  be  trimmed  to  forr.  ft  3ii.ple 
edge  which  is  faced  with  planks  This  arrangement  provides  a  relatively 
high  smooth  surface.  Longitudii.  1  and  transverse  timber  bracer  mould  be 
instilled  inside  the  crib  and  ft  vtenod  to  the  corresponding  sides.  The  towb 
of  timbors  located  ir.  the  grnun  should  be  fastened  together  with  vertical 
bolts  2h  run  in  diameter  and  pi. :  ed  at  ar  interval  of  0,75  to  1.0  n.  The 
vertical  clamps  inside  the  crib  should  extend  from  top  to  bottom.  Kx- 
torlor  clamps  are  necessary  only  for  the  part  of  tho  crib  above  tho  ground, 

fiber  cribs  are  built,  tho  entire  nctivo  layer  down  to  the  under¬ 
lying  permafrost,  rock,  -r  thawed  layer,  should  bo  excavated  and  back¬ 
filled  with  rubble  or  gravel  averaging  5  to  10  cm  in  diamotor.  The  pit 
should  bo  suffj  ’ i ••ntly  larger  thun  tho  crib,  co  tha*  the  backfill  would  have 
a  rloj'c  not  greater  then  ii5°  (fig.  109).  Ihe  slopes  of  tho  gravel  fill 
should  be  covered  with  a  30-cm  layer  of  moss  or  peat  and  the  remainder  of 
the  pit  should  be  backfilled  with  coarse  pravoi  mixed  with  peat  or  moss.  The 
litter  backfill  mey  consist  '-f  slag  or  finer  gravel.  The  bottom  of  the 
crib  should  be  located  a  maximum  of  7*0  cm  bolow  the  g.round  surface.  ITto 
surface  ;f  tho  gravel  fill  beneath  the  crib  should  bo  leveled  with  small 
stones  covered  with  a  layer  ;.f  moss  or  .-peat  and  a  layer  of  fine  gravel  or 
coarse  sand.  The  bottoifi  timbers  of  the  crib  rest  upon  the  latter  layer. 

Tnc  crib  should  be  filled  with  stores  er  rub  !•<  of  '-assorted  sixes, 
wcarse  or  line  gravel  and  ever,  s^nd  may  be  used  in  order  to  increase  the 
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weight  of  the  crib.  If  the  crib. rests  on  permafrost,  it  is  necessary  to 
place  within  the  crib  layers  of  moss,  peat,  straw,  or  some  other  insulatini 
material,  eac'rT'2i.""tb  30  cm  thick,  at  vertical  intervals  of  0.50  to  0,75  m. 
It  is  essential  to  take  measures  to  reduce  tho  strength  of  adfroezinp  be¬ 
tween  the  crib  and  the  r round  and  to  make  provisions  for  regulating  the 
elevation  at  which  the  s tincture  would  rest  on  the  crib, 

5.  LeeifTT  of  Solid  Supports 

Reformation  of  solid  supports  is  due  primarily  to  thawing  0*  the 
permafrost  layer  at  tho  base  of  the  supports  and  to  swelling  of  the  active 
layer.  Therefore,  tie  design  of  such  supports  depends  upon  the  porauurost 
conditions  at  the  construction  cite  as  well  as  the  texture  and  moisture 
content  of  the  ground.  To  facilitate  tho  analyBiB  of  those  aspects,  and 
in  oroar  to  coordinate  properly  the  various  designs  and  layouts  with  the 
feasible  construction  conditions,  the  various  types  of  uosipn  ore  classi¬ 
fied  into  several  categories  and  the  most  suitable  type  of  support  is 
indicated  in  each  case.  ‘  - . V:'-  v'-'V  — 

a.  Solid  Bridge  Supports  ''There  Permafrost  Is  Absent  nr  Occurs 
at  Great  Dooth  f  ' 

Solid  supports  of  any  typo  and  spans  of  any  length, ^except  wall 
piers  which  deform  readily  and  extensively,  are  permissible  when  perma¬ 
frost  is  absent  or  occurs  at  <’reat  depth,  when  the  active  layer  consists 
of  well-draininr  material  such  as  rubble,  gravel,  coarse  or  madium  sand, 
and  when  the  structure  can  be  based  on  rock.  Small  bridgos  (with  a  span 
of  21  to  23  n.  or  with  a  Gpmi  of  12  to  lit  n  In  tho  case  of  a  reinforced 
concrete  structure)  without  intermediate  piers  arc  preferable '"when  tho 
ground  consists  of  fine-teXtured  material  with  high  moisture  content.  Unc 
these  conditions,  U60  is  recommended  of  single-span  bridges  on  abutments, 
-preferably  cushioned  abutments  (fig.  110). 

i*ultispan  bridges  with  small  spans  (less  than  23  m*  or  less  tliai 
12  m  in  the  case  of  reinforced  concrete  structures)  may  to  u:.od  when  the 
piers  are  located  in  a  strea-  where  the  minimum  depth  of  flow  is  2  m,  ever 
if  it  frenr.au  in  the  winter,  as  we’l  as  when  the  ground  consists,  of  we'l^- 
drained  material.  ,  In  tho  case  of  ground  consisting  of  loan  and  line  sand, 


particularly  if  it  is  extremely  wet  and  silty  and  tends  to  turn  into  slud, 
center  piers  of  small  bridges  (with  spans  less  than  23  m  and  12  m,  respec¬ 
tively). are  permissible  only  when  it  is  definitely  impossible  to  use  a 
single  span  bridge.  The  piers  should  be  designed  , to  withstand  the  heaving 
stresses  (in  accordance  with  the  instructions  presented  in  Chaptor  II,  B-l). 
Similar  piers  fnr  such  bridges  may  be  located  on  freezing  rivor  bods 
consisting  of  fine-textured  material,  as  well  as  on  floodplains .  Iiers 
located  in  a  nonfreazing  stream  may  bo  of  arbitrary  design,  but  preferably 
without  an  lea  deflector  or  with  an  ice  deflector  of  minimal  length. 

Bridges  with  spans  exceeding  55  m,  erected  on  any  type  of  ground,  may  uti¬ 
lise  supports  of  arbitrary  design,  except  wall  piorB. 

Cushioned  abutments,  previously  recommended  for  small  bridges  are 
of  usual  design.  However,  the  part  of  the  abutment  within  the  active  layer 
should  be  made  of  concrete  or  rubble  concrete.  The  front  and  side  faceB 
of  tho  abutment  foundation  should  have  a  maximum  slope  of  80°,  The  rear 
~  face  may  be  vertical  (rig.  110).  In-order  to  reduce  .the  strength  of  ad- 
freezing  between  the  active  layer  and  the  abutment,  tho  foundation  surface 
within  the  active  layer  should  be  smoothly  finished  with  cement  mortar.  The 
abutment  abjve  the  foundation  level  nay  be  built  of  rubble,  concrete  or  'i 
rubble  concrete.;  The  foundation  depth  is  determined  in  accordance  with  the 
usual  considerations.  The  abutments  for  bridges  with  Bpano  exceeding  23  m, 
or  exceeding  12  m  in  the  caBB  of  reinforced  concrete  structures,  do  not  have 
to  he  cushioned  if  the  ground  is  not  subject  to  swelling.  The  horizontal 
section  of  piers  for  such  bridges,  located  ,n  a  floodplain  or  in  a  shallow 
stream  which  freezes  to  the  bottom  during  the  winter,  as  well  as  on  swelling 
ground,  may  be  rectangular  with  comers  rounded  to  a  radius  of  30  cn  or  may 
have  triangular  prow  and  stern  rounded  in  a  similar  mnnnor  (Fig.  111).  To 
protect  ubo  pior3  from  tic  effect  of  swelling  of  the  active  layor,  it  is  ad¬ 
visable  to  taper  tho  sido  faces  of  the  pier  within  tho  active  layer  at  an 
angle  of  8o°,  to  make  thorn  smooth,  and  to  coat  then  with  cement  mortar.  It  - 
is  advantageous  to  use  a  gravol  backfill  around  the  pier. 

The  pier,  exclusive  of  its  foundation,  may  be  built  of  any  of  the 
materials  normally  used  for  pi8rs.  If  considerable  heaving  force  is  expected 


tho  part  of  the  pier  located  in  the  ground  should  be  made  of  concrete  or 
rubble- concrete  with  vertical  reirf orceraent  to  protect  the- masonry  acainst 
rapture  due  to  swelling  of  the  ground.  Trie  reinforcement  is  arranged  along 
the  external  faces  of  the  foundation  and  is  connected  with  stirrups/'  The 
reinforcement  should  be  "Calculated  in  accordance  with  ChajSvor  II,  P-1, 

To  avoid  heaving,  piers  for  bridges  with  small  spans  (lees  titan 
23  &,■  cr.'i-i.ts  than  12  a  in  the  case  of  reinforced  concrete  structures) 
should  be  erected  on  pilos  or  sunk  wells  if  the  piers  are  located  on  a 
flood  plain,  if  the  active  layer  is  more  than  2  m  thick,  if  tho  active 
layer  consists  of  silty  or  elud-like  material  which  tends  to  awoll  ox- 
tensively,  and  particularly  in  the  case  of  low  ombankmonts  that  are  lees 
than  5  m  high.  The  pile  system  should  be  arranrod  in  such  a  way  that 
swelling  of  tho  active  layer  Would  not  force  the  piles  out  of  th&  -ground 
and  that  tho  cohesion  between  the  pilea  and  the  concreto  foundation  would 
not  be  disturbed.  This  should  be  verified  analytically.  In  addition  to 
driven  pilos  of  timber  or  roinforcod  coricrote,  use  nay  be  rmdo  of  concroto 
_pils8.no«r«d_iri  .place  (Strauss  pilos,  for  example )  and  reinforced  with  — 
lorlpitudin;  1  bare  which  take  up  tho  tension  occurring  during  heaving. 
However,  such  piles  may  La  usod  only  wien  the  ground  temperature  at  tho 
base  of  tho  pile  is  not  lower  than  ♦  5°  Cj  when  the  temperature  is  loss 
than  5°  C,  tut  net  lower  than  0,5*'  C,  those  pilea  may  bo  used  if  proper 
measures  «ro  taken  to  assure  adequate  hardening  and  setting  of  the 
concrete. 

The  piers  of  bridges  with  spans  exceodirp  55  m  may  l.e  of 
arbitrary  design-  - 

The  following  specifications  arc  recommended  for  pile  found¬ 
ations  and  sunk  wells.  Hie  longitudinal  reinforcement  of  driven  piles 
of  reinforced  concrete  should  extend  into  tho  pior  foundation  to  a  depth 
of  30  d,  whore  d  is  tho  diameter  of  the  reinforcing  bar.  After  the  pile 
has  beer,  driven,  the  pile  hsad  should  be  sheared  off  so  as  to  expose  the 
reinforcec.ont.  The  head  of  a  timber  pila  should  penetrate  at  least  1  c 
into  the  concrete  footing,  and  this  section  of  the  pile  should  be  notaied 
to  a  depth  of-?. 5- cm  at  intervals  of  20  cm.  If  the  piles  arc  connected 


with  tie  beaals  belted  pnto  notches,  the  required  depth  of  penetration  is  only 
60  cm.  the  allowable  bond  between  concrete  and  wood  nay  be  taken  ub  J  kg 
per  sq  cm.  Jj  '  .  ■  -/ 

When  reinforced  concrete  and  timber  piles  are  driven  by  means  of 
steam  points  and  the  pile  foundation  ie  designed  to  resist  heaving  of  the 
piers,  after  the  thawed  ground  has  refrozen,  the  resistance  of  these  piles 
to  heaving  and  thoir  bond  with  the  foundation  should  be  ccmputuu  analy¬ 
tically.  This  computation  should  bo  made  in  accordance  with  the  specifi¬ 
cations  presented  in  Chapter  II,  B-l. 

?.!asonry  sunk  wolls  are  not  suitable.  Wooden  or  reinforcod  con- 
nrete  ounk  wells  are  preferable.  Such  wells  are  designed  in  the  usual 
manner.  Supplementary  calculations  are  required  chly  to  verify  tho  vmll 
stresses  occurring  due  to  heaving-  of  the  supports  in  the  case  of  a  thick 
active  layer.  Tho  tensile  stress  in  the  walla  of  the  well  is  determined  In 
accordance  with  the  considerations  previously  presented  in  this  chapter. 

!>ie  foil  owl  r.r  rucomsicndatians  are  essential  for  tho  design  of  woouen  sunk 
well3.  The  well  chnulu  be  faced  with  vertical  planks  both  inside  and 
side.  Steel  tie  reds  should  oxtond  from  tho  bottom  to  the  top  of  tho  woll. 
Those  rods  should  bo  ablo  to  resist  the  heaving  forco  which  has  not  been 
c  untoractod  by  the  weight  of  the  support  and  tho  constant  bridge  load. 

b.  Soliu  Supports  for  bridges  on  Permafrost 

When  it  is  necessary  to  construct  solid  bridge  supports  on  perma¬ 
frost,  it  is  recccraended  to  use  single  span  bridges  with  cushioned  abut¬ 
ments,  as  in  tho  preceding  case.  If  the  bridge  opening  does  not  exceed 
23  m,  or  12  n  in  the  case  of  reinforced  concrete  structures,  center  piers 
ore  permissible  only  b,  way  of  exception.  When  it  is  necessary  to  construct 
such  piers  on  frozen  ground  in  floodplains,  the  piers  should  be  doeicned  in 
accordance  with  the  specifications  presented  in  the  following  under  (b). 

The  pier  design  shown  in  Fig.  Ill  is  suitable  Tor  piers  located  in  a  stream 
in  which  the  water  is  not  less  than  2  m  deep,  regardless  of  whether  or  not 
it  freezes  in  the  winter. 

It  is  recoaffionded  to  support  the  center  piers  of  bridges  with  small 
spans  (up  t~  23  m,  *?i:  up  tc  12  a  in  the  case  of  reinforced  concrete 
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structures)  on  piles  or  on  sunk  wells,  either  wooden  or  of  reinforced 
concrete,  if  it  is  assumed  that  the  supports  are  likely  to  heave  due  to  the 
presence  of  a  relatively  thick  active  layer  consisting  of  Bilty  material. 
Presence  or  absence  of  permafrost  Is  immaterial  in  this  case.  Pile 
foundations  and  sunk' wells  may  be  used  as  supports  for  bridges  with  small 
and  medium  spans  oven  if  the  supports  rest  on  a  permafrost  layor  occur¬ 
ring  at  shallow  depth,  or  when  intensive  degradation  of  the  pormafrost  is 
possible.  Sunk  wells  for  such  bridges  are  advantageous  even  when  rock 
occurs  at  shallow  depth  beneath  the  ground  surface,  regardless  of  the 
presence  or  absence  of  permafrost  in  the  given  area. 

Supports  for  bridges  with  spans  exceeding  55  m  may  be  of 
arbitrary  desigh  if  they  are  sunk  at  least  6  m  below  the  ground  surface. 
Cushioned  abutments  are  advlaahle  if  the  depth  of  the  supports  ie  smaller. 
The  design  of  abutments  and  piers  will  be  examined  here  separately  because 
each  of  these  types  of  supports  has  certain  special  characteristics  which 
Bhould  be  taken  into  consideration  in  order  to  achieve  the  beet  dooign  with 
respect  to  deformation.  _ 

1..  Design  of  Abutments 

As  stated  previously  on  several  occasions,  the  cushioned  abutment 
is  the  moat  suitable  type  of  abutment  under  permafrost  conditions.  This 
abutment  is  coirpletely  covered  with  fill  material,  so  that  the  probability 
of  thawing  of  the  permafrost  at  its  base  is  negligible.  In  the  case  of 
a  thick  permafrost  layer  which  is  conserved  at  the  base  of  the  supports, 
cushioned  abutments  for  small  bridges  (with  spans  of  ,  about  21  to  23  a  or 
less  In  the  case  of  steel  bridges,  or  up  to  12  a  in  the  case  of  reinfor¬ 
ced  concrete)  should  be  constructed  as  follows.  Erection  of  foundations  on 
the  assumption  of  permafrost  conservation  at  the  base  of  tho  structure  is 
permissible  only  when  the  permafrost  temperature  at  tho  base  of  the  foun^ 
dation  is  not  hirher  than  -0.5°  C  during  maximum  sunner  thawing  of  the 
ground.  The  abutment  should  extend  into  the  permafrost  to  a  minimum  depth 
of  1.5  m  and  should  resv  orrlii'grillage  consisting  of  two  croesod  layers  of 
green  timbers  measuring  about  16  by  16  as.  The  grillage  should  be  overlain 
by  a  concrete  or  rubble  concrete  slab  of  rectangular  horizontal  section  and 


vortical  edges.  The  thickness  of  this  slab  should  equal  the  depth  to  which 
the  foundation  penetrates  into  the  ;>ermafrosl.  (1‘ig.  110),  The  horizontal 
dimensions  of  tho  foundation  aro  determined  in  the  ueual  manner  in  accor¬ 
dance  with  the  allowable  stresses  presented  in  Chapter  17,  3-2d. 

If  tho  permafrost  is  undergoing  degradation  and  cannot  bo  con¬ 
served  at  the  foundation  base,  the  cushioned  abutments  may  bo  designed  as  i 
above  but  the  foundation  should  extend  into  the  permafrost  to  a  depth  not 
exceeding  1  m,  provided  the  permafrost  does  not  consist  of  silt,  loam,,  or 
slud-liko  material,  and  provided  it  contains  no  more  than  30  per  cent 
moisture  and  no  ice  wedges.  In  such  a  case,  the  horizontal  dimensions  of 
tho  foundation  are  determined  in  accordance  with  allowable  stresses  for 
thawed  ground,  without  taking  the  pormafrost  into  consideration. 

In  addition,- tho  abutments  of  double  track  bridges  ereo.tad  under 
theso  conditions  should  be  analyzed  for  transverse  bending.  Accordingly, 
it  1b  necessary  to  reiiforca  oithcr  the  top  or  tho  bottom  of  the  abutment 
in  order  to  avoid  failure  of  the  maooriry  due  to  nonuniform  thawing  of  the 
pormafroBt.  The  analysis  is  carried  out  88  presented  later.  Such  abutroonts 
can  be  built  without  re  inf  or  consent  if  each  abutment  ia  tuilt  of  two  individ¬ 
ual  parte  separated  by  a  vortical  joint  as  shown  in  Klg.  112.  ~~~- 

In  the  case  of  weak  permafrost  consisting  of  silty  or  clud-like 
material  with  hich  moisture  content  and  ice  wedges,  the  abutment  should 
rest  on  a  pile  foundation  or  on  sunk  wells  lowered  into  the  permafrost  by- 
moans  of  steam  points.  The  abutment  should  be  exceptionally  firmly  attachecr^ 
to  the  piles  if  the  active  layer  in  this  case  is  subject  to  swelling,  con¬ 
sists  of  eilty  or  slud-like  material,  is  excessively  wot,  and  is  more  than 
1.5  0  thick. 

In  the  case  of  layered  permafrost,  it  is  recommended  to  penetrate 
through  the  upper  layer  or  layers  of  the  permafrost  if  they  are  relatively 
thin  and  to  support  the  abutment  on  the  underlying  layer  of  thawed  ground  or 
on  one  of  the  lower,  sufficiently  thick  permafrost  layers.  Construction  of 
the  support  foundation  is  carried  out  as  in  ths  previous  case. 

In  order  to  conserve  the  permafrost  where  its  rogimo  is  stable,  it 
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is  recommended  te  cany  out  construction  operation?  during  th-  v/intor.  '.Sot . 
tho  sane  reason,  it  is  essentia],  to  'cause  'minimum  disturb. inco  of  the  natural 
regime  of  the  area  near  tho  abutment,  consorviiig  tho  surfaoo  ana  vegetation 
covers. 

Where  bridge  spans  exceed  23  ®,  or  12  m  in  the  cace  of  reinfozced 
concrote  structures,  the  cushioned  abutments  may  bo  of  utaial  design  if  they 
extend  more  than  6  m  below  tiie  ground  eurface,  and  no  tipejiul  moacuroe  aro 
required  oxcept  a  rock  fill  around  the  foundation  within  tho  active  layer 
and  an  insulating  layer  of  peat  or  mns3  placod  on  tiio  cono  of  tho  fill.  At 
lesser  foundation  depths,  it  is  necessary  to  take  measures  to  protect  tho 
abutment  against  heaving. 

2.  Design  of  piers 

Center  piers  of  bridges  with  spans  less  than  23  m,  or  loss  than 
12  m  in  the  case  of  reinforced  concrete  structures,  eroctod  on  a  thick 
layor  of  stable  permafrost  nay  be  designed  in  accordance  with  tho  following 
specifications.  Tho  pier  foundation  should  oxtond  at  lonat  2  nr  into  tho 
pormafrost  and  ohould  rest  on  a  timber  grillage,  as  in  thu  caso  of  tho 
abutment.  A  cushion  of  rubble  with  layers  of  moss  or  peat  should  be 
placod  on  tho  ground  surface  around  the  pier.  The  horizontal  dimonalnnB  of 
uie  foundation  are -determined  Jjv  mean"  nfur.ual  calculations  in  accordance 
with  the  allowable  stresses  presented  in  Chapter  IV,  B-2d. 

In  the  case  of  degradation  of  tho  pormafrost,  if  tho  permafrost 
beneath  tire  base  of  the  support  is  neither  silty  nor  alud-like  and  con¬ 
tains  neither  ice  wedgos  nor  core  than  30  per  cent  water,  the  pier  need 
be  extended  into  the  permolrust  to  a  depth  of  only  3.  m.  If  ti«  ground 
at  a  depth  of  1  ns  does  rot  satisfy  these  requirements,  but  satisfactory 
ground  occurs  somewhat  lower,  the  foundation  depth  should  be  changed  ac¬ 
cordingly.  The  horizontal  dimensions  of  the  foundation  should  be  deter¬ 
mined  in  accordance  with  the  allowable  stresses  for  ordinary  thawed  ground, 
without  taking  the  permafrost  into  consideration.  Piers  for  double  track 
bridges  under  similar  conditions  should  be  designed  to  resist  transverse 
flexure  or  should  be  made  of  two  separate  parts  (fig.  112).  If  the  perma¬ 
frost  is  in  the  process  of  degradation  and  consists  of  unstable,  silty  or 


sjud-like  material,  and  contains  much  water  as  woil  as  ice  wedges,  it  is 
advisable  to  erect  tho  piers  on  pile'  inundations  or  sunk  wells,  in  accor¬ 
dance  with  the  corresponding  specifications  presented  previously. 

If  the  pormafrost  is  layered  or  is  in  tho  process  of  degradation, 
it  may  be  advisablo  to  C  nstruct  the  piors  on  thawed  ground  after  thn  porma- 
froct  has  been  eliminated  by  moans  of  steam  points  in. accordance  with  the 
considerations  presented  in  Chapter  XV,  B-i*.  This  procedure  is  judicious 
only  in  suitable  cases  and  when  it  is  relatively  economical.  The  foundation 
dinonsiona  are  determined  in  this  case  in  accordanco  with  the  allowable 
stresses  on  thawed  ground.  If  the  active  layer  is  thick  and  the  ground  is 
fairly  wet,  the  pier  design  should  be  checked  with  respect  to  resistance 
to  heaving. 

Piors  of  bridges  with  spans  exceeding  23  m  (or  12  m  in  the  case 
of  ronforcod  concrete  structures),  sunk  more  than  6  m  into  the  ground, 
require  no  special  design  features  if  the  foundation  extends  at  least  2  m 
into  the  pormafrost  layer. 

3.  Remarks  Regarding  tho  Design  of  Abutments  and  Piers 

Support  foundations  resting  on  permafrost  having  a  tomporature  near 
nuro  and  not  lower  than  -0.5°  C  should  bo  designed  on  the  assumption  that 
thu  pormafrost  may  thaw.  Accordingly,  tho  area  of  the  base  if  determined  in 
accordanco  with  tho  alJLOwaoie  otroesws  for  the  thawed  ground  at  tto  given 
aito  beneath  thu  given  structure.  This  determination  is  experimental.  How¬ 
ever,  preliminary  calculation^may  bo  made  on  the  basis  of  the  allowable 
lende  presented  ip  Cnaptor  T\f,  B~3.  Since  it  is  impossible  theoretically 
to  dotormino  tho  .allowable  load  on  loam  or  loamy  material  in  the  caeo  of 
corresponding  thawed  permafrost,  it  ie  recommended  to  use  piles  or  sunk  wells 
because  such  thawed  ground  settles  extensively  and  has  negligible  bearing 
capacity. 

In, yiew  of  the  fact  that  the  permafrost  may  thaw  nonuni foroly, 
abutments  and  piers  for  double  trac '.bridges  should  be  designed  to  withstand 
flexure  on  the  assumption  that  (a)  the  support  is  a  simple  bean,  as  showi 
in  Fig.  123,  and  (b)  the  support  is  a  double  cant.ilevor  beam,  as  shewn  in 
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rig.  11a.  IT  either  calculation  shews  that  the  tensile  stress  in  the  masonry 
exceeds  the  allowable  stress,  it  is  necessary  to  reinforce  the  top  or  bottom 
of  the  support.  The  reinforcement  is  determined  as  in  the  case  of  ordinary' 
reinforced  concrete  or  rolnforced  masonry  construction.  Reinforced  sup¬ 
ports  of  concrete  or  rubble  concrete  are  preferable. 

In  addition  to  the  aspect  of  flexure,  ti.e  support  should  bo  de¬ 
signed  to  withstand  heaving  and  tension  in  accordance  with  Chapter  II,  3-1, 
and  Chapter  IV,  C— U «  Solid  masonry  supports,  both  abutments  and  piers, 
erected' on  permafrost  in  accordance  with  the  principle  of  penDP.froBt'‘ 
conservation,  may  be  calculated  as  in  the  case  of  nonpermafrost  condi¬ 
tions,  provided  the  permafrost  temperature  at  the  foundation  base  is  not 
above  -0.5°  C.  The  allowable  load  la  determined  from  field  tests  of  the 
strength  of  tho  frozen  ground.  Preliminary  estimates  may  be  made  in  ac¬ 
cordance  with  08T  Table  II. 

c.  Tunnels 

Tunnels  are  designed  and  calculated  as  under  ordinary  conditions, 
without  tahlnr  the  permafrost  strength  into  consideration  beesuso  construc¬ 
tion  of  the  tunnel  causes  destruction  of  the  permafrost  in  the  immediate 
vicinity  of  the  tunnel.  Proper  waterproofing  is  highly  essential  in  the 
severe  climate  of  the  permafrost  regions  because  the  water  which  seeps 
through  the  facing  into  the  tunnel  causes  maj  r  complications  both  during 
construction  and  during  subsequent  operation  of  the  tunnel.  The  importance 
nf  adequate  waterproofing  is  also  due  to  the  fact  that  ground  water  in 
permafrost  regions  often  is  highly  aggressive.  ;  Accordingly-, --iunnoi  facings 
should  be  protected  will;  watorprocfinf-  installed  outside  tho  arch.  If  this 
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is  not  feasible,  the  waterproofing  may  be  installed  inside  the  tunnel  if 
underlain  by  a  reinforced  concrete  lining. 

In  order  to  remove  the  water  reaching  tho  tunnel  facing,  it  in 
advantageous  to  install  longitudinal  drainage  galleries  along  botJh  sides 
of  the  tunnel.  If  they  connect  to  the  facing,  they  should  be  accessible 
from  within  the  tunnel  for  inspoctirn,  cleaning,  and  repair,  Ilcwovor,  if 
the.,  are  installed  independently  and  are  connected  with  the  tunnel,  they 
should  be  of  adequate  dimensions  to  permit  passage  of  a  workman.  These 


galleries  should,  have  suitable  facing. 

During  faci:g  of  tunnels  with  masonry  or  concrete,  the  tunnel 
section  to  which  the  facing  is  applied  should  be  maintained  at  a  tempera¬ 
ture  adequate  for  proper  hardening  and  setting  of  the  concrete  (not  lower 
than  5°  C);  this  temperature  should  be  maintained  until  the  mortar  or  con¬ 
crete  attains  its  design  strength.  Use  of  high-grade  cemont  and  a  rapid 
rate  of  work  -would  shorten  this  time  interval. 


D.  Specifications  and  factors  Pertaining  to  Stable  Eartn  Structures 
1.  Fills 

The  stability  of  a  fill  depends  primarily  on  the  material  in¬ 
volved  ns  well  as  the  nature  arid  state  of  tho  base,  that  1b,  tho  ground  l*e- 
neath  tho  fill.  Therefore,  particular  attention  is  given  here  to  these  two 
aspects,  and  tho  following  is  specif iedt  the  beBt  materials  for  a  fill  of 
anv  height,  thu  undesirable  materials  which  may  be  used  only  under  definite 
limited  conditions  end  eubj&sVw'Epecial  measures,  and  the  materials  that 
are  definitely  unallowable, 

A  fill  of  wall-draining  material,  such  bb  coarse  or  medium  Band, 
gravel,  or  runbie,  raov  be  of  Any  height  desired,  provided  the  base  is  suf¬ 
ficiently  strong  and  the  steepness  of  tho  slopes  is  in  accordance  with  the 
etandard  for  tho  material  involved.  Therefore,  the  following  fill,  materials 
are  reconyrondedi  coarse  or  medium  sand,  gravel,  pebbles,  rubble,  and  rock 
romoved  durinr  Hasting  of  outs.  Fills  nf  such  matoriale  usually  "do  not 

"  dofoi  nr,  ’  ....... 


Fine  sand,  loam,  and  loamy  ground  are=leos -suitable  for  fills,  tut 
may  bo  used  if  a  special  base  of  well-draining  notorial  is  provided.  This 
base  prevents  penetration  of  wator  (the  most  detrimental  factor)  into  the 
core  «f  tho  fill.  Silty  material,  sandy  loom,  and  loamy  sand  contn-ning 
3Q  to  35  per  cent  silt  aro  not  reconrended  for  use  in  fills.  They  may  be 
used  in  exceptional  cases  when  it  is  impossible  to  furnish  more  suitable 
materials  and  under  condition  that  tho  silt  fraction  does  not  exceed  £0 
pur  cent.  Loamy  sand  and  sandy  loam  containing  more  than  50  per  cent  silt 
as  well,  as  extremely  fine  textured  cr  olud-like  material  are  not  suitable 
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for  fills.  When  such  material  is  used  beoau3e  there  ia  no  alternative,  the 
fill  should  be  of  special  design, 

Fills  of  fine  sand,  sandy  loam,  and  clay  loam  may  be  constructed 
in  the  following  cases  and  under  the  following  conditions?  (a)  when  the 
fill  is  up  to  1  m  high  and  is  located  on  dry  ground}  (b)  when  the  fill  is 
2  to  5  a  high  it  may  be  located  on  either  dry  or  wet  ground,  except  marl  or 
other  swamps,  but  the  slopes  should  be  net  steeper  than  1*1.5  and  the 
fill  should  rest  on  a  specially  prepared  bass  of  well -draining  material. 

The  design  of  such  a  base  is  discussed  later  because  this  type  of  base  is 
applicable  in  numerous  other  oases. 

It  is  evident  from  the  foregoing  that  transition  fills  (whore 
the  roadbed  prooeeds  from  a  out  to  a  fill),  os  well  as  all  fills  whioh 
are  up  to  1  m  high  and  consiet  of  fine  sand,  clay,  and  loam, j  may  be  built 
only  in  dry  areas.  This  specif ioation  arises  from  the  fact  that  water  from 
a  wet  base  would  tend  to  rise  high  into  such  a  fill  because  of  the  high 
capillarity  of  clay  loam.  This  may  cause  swelling  due  to  deep  freozing  of 
the  fills  in  the  permafrost  region,  resulting  from  exceedingly  low  winter 
temperature  and  aggravated  in  some  cases  by  inadequate  snow  cover. 

Those  considerations  evolve  the  need  to  protect  the  lower  part 
of  a  high  earth  fill  (2  to  5  m)  against  saturation  with  wijjter.  Accordingly, 
it  Is  recoiTtmended  to  construct  a  special  base  of  well-draining  material. 
Fills  between  2  and  5  m  high  are  not  thick  enough  to  maintain  their  !>««(«  in 
a  permafrosen  state.  As  a  result,  the  lower  portion  of  such  a  fill  wuuld 
ultimately  free so  and  thaw,  and  when  thawed  and  saturated  it  would  tend 
to  be  squeezed  out  from  beneath  the  fill.  Fills  over  5  m  in  height  are  not 
as  greatly  affected  by  alternating  free sing  and  thawing  of  their  lower 
portions  because  this  phenomenon  wruld  occur  only  near  the  elopes  itoleh  can 
be  prevented  from  sliding  by  means  of  surface  reinforcement.  The  center 
part  of  the  lower  portion  of  the  fill  would  probably  remain  frozen  because 
the  high  fill  prevent*  heat  transfer  to  the.  ground  and  thue  raises  the 
underlying  upper  peraafVoet  limit.  When  the -fill-  is  sufficiently  high, 
this  limit  may  rise  into  the  fill  itself  in  the  form  of  a  longitudinal 
hump,  nevertheless,  it  is  advisable  to  provide  a  special  base  of  well- 


draining  material  even  ;r.  ' ho  case  of  high  fills  if  they  consist  of  clay  loan 
This  recommendation  as  based  on  the  following  considerations,  firstly v  when 
a  fill  is  erected  in  a  wet  area,  thn  lower  portions  of  it  slopes,  corre¬ 
sponding  to  the  depth  of  summer  thawing,  are  subject  to  conditions  ana]orouB 
to  those  of  low  fills  and,  consequently,  may  tond  to  slide.  Secondly,  the 
lower  portion  of  the  fill  core  may  be  subject  to  the  same  conditions  during 
several  years  until  the  upper  permafrost  limit  rises  into  tho  fill  proper. 

The  opposite  occurs  during  construction  and  tovcrol  years  aftciv/arris—the 
upper  permafrost  limit  beneath  the  fill  recedes  to  some  extant  and  a  trough 
of  weak  ground  saturated  with  water  is  forced  Ijoneath  the  fill.  Such 
cnees  have  actually  occurred;  they  were  caused  by  the  extensive  heat  stored 
in  the  fill  material  during  summer  construction  when  tho  Bun  heuted  the  sur¬ 
face  of  ti;e  fill  material  to  a  considerable  extent  (Chapter  II,  D-f). 

In  the  ensa  of  fills  over  5  m  in  heirht  and  consisting  ol'  earth 
material,  use  of  a  special  base  of  vroll-drainiiTp  material  is  insufficient, 
and  it  is  nucosaary  to  construct  berms  on  both  sideB  of  tho  fill.  Tho 
need  for  'norms  is  explained  os  follows.  As  stated  previously,  the  perma¬ 
frost  beneath  high  fills  tondc  to  riso  into  the  fill  and  form  a  hump.  This 
phenomenon  is  readily  explained  theoretically  and  was  substantiated  by 
observations.  When  tho  ground  thaws,  wot  and  steep  sliding  surfaces  are 
formed  at  the  contact  area  between  the  thawed  ground  at.d  the  permafrost 
hump.  These  surfaces  may  cause  deformation  of  the  fill.  To  avoid  the 
occurrence  of  the  3teep  frozen  hump  in  the  fill,  it  ie  necessary  to  cause 
tho  upper  permafrost  limit  to  rise  nlonn  the  sides  of  the  fill  as  well. 

This  is  achieved  by  means  of  berms  constructed  along  both  aides  of  the  fill. 
Of  c  -orse,  tho  width  ?nd  height  of  those  berms  depend  on  the  height  of  the 
fill-  The  height  of  the  bor**3  may  bo  roduced  if  they  are  made  of  moss  or 
peat.  However,  the  use  of  earth  material  is  advantageous  bocause  it  has 
insulating  properties  and  its  we i. at  increases  tho  stability  of  tho  fill 
slopes. 

The  recommendations  with  regard  to  loamy  ground  pertain  to  silty 
ground  as  well,  o:xopt  that  the  latter  ground  is  even  more;  hazardous  when 
saturated  and  fills  comprising  silty  material  deform  more  readily  and 
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extensively.  -  Therefore,  fills  consisting  of  ground  containing  30  to  50 
•per  cent  silt  are  permissible  only  in  exceptional  cases  under  condition 
that  the  fill  is  protected  against  saturation  with  water.  The  slopes  of 
low  fills  (up'  to  2  m)  of  silty  material  should  be  ltl.5.  In  the  case  of 
higher  fills,  the  upper  2  m  may  have  a  slope  of  lrl.5,  while  the  lower 
portions  should  be  increasingly  flatter,  at  a  rate  of  one-fourth  for  every 
3  m.  The.,  stability  of  such  a  fill  should  be  verified  analytically. 

Occasionally  it  is  necessary  to  construct  fills  in  the  perma¬ 
frost  region  on  mari.  This  often  results  in  deformation  of  tho  fill 
because  the  underlying  ground  is  exceedingly  wet  and  tlie  permafrost 
occurs  at  shallow  depth.  Stability  of  such  fills  necessitates  the  follow¬ 
ing  special  measures.  The  relationship  between  the  hoipht  of  a  fill  on 
marl  and  the  type  of  material  used  is  as  follows i  fills  of  etone,  rubble, 
or  coarae  gravol  should  be  not  lower  than  1  mj  fills  of  fine  gravel  and 
coarse  or  medium  sand  should  be  not  lower  than  1.5  oj  fills  of  other 
suitable  material  should  be  not  lower  than  2.0  m  and  should  have  a  special 
taso  ol  well -draining  material.  The  thickness  of  this  baso  layor  should 
be  determined  in  accordance  with  the  probable  settling  of  the  underlying 
peat  due  to  compression,  that  is,  the  draining  base  should  rise  at  least 
1  m  above  the  surface  of  the  mar.  A  lesser  thicknoss  is  inadvisable  >e- 
causo  tho  baso  may  roadily  and  rapidly  becoms  silted  due  to  silting  of 
fine  fill  material  from  above  and  rise  of  rater  from  below.  Cie  height  of 
a  fill  on  the  mari  should  never  reach  zero  ao  may  be  the  case  along  a  dry 
scratch,  not  should  it  ever  be  lower  than  specified  previously.  This 
condition  can  be  readily  satisfied  if  the  routes  over  mari  are  properly 
planned.  The  transition  from  fill  to  cut  should  occur  at  the  edge  of  tho 
mar  and  at  a  suitable  distance  from  it,  so  that  the  transition  fill  with¬ 
in  tho  mar  would  attain  the  required  height.  A  height  of  1  m  should  be 
regarded  as  tffi  minimum  heirht  which  would  pravont  rapid  thawing  of  tho 
permafrost  beneath  the  fill,  since  the  permafrost  in  this  enso  occurs  at 
shallow  depth. 

Observations  demons trated  that  fills  about  1  a  high  prevent  any 
rise  of  the  permafrost  lcvol  beneath  the  fill.  Moreover,  the  permafrost 
usually  thaws  to  sbre  extent,  which  results  in  settling  of  the  fill  evon 


in  cases  when  the  moss  and  peat  covers  of  ..the  mar  beneath  the. fill  have 
bean  conserved.  Since  the  peat  beneath  the  fill  on  a  car  (it  is  perhaps 
advisable  not  to  remove  this  peat)  gradually  compresses  under  the  weight 
of  the  fill  and  the  trains,  the  lower  portion  of  the  £311  tends  to  sink  in¬ 
to  the  mar-  Such  settling  may  attain  2  a.  Since  a  peat  layer  saturated 
-with,  water  may  compress  to  one-quarter  of  its  original  tnicki  res,  the 
entire  low  fill  over  a  mar  ahould^consist  of  well-draining  material,  al- 
-though  only  a  base  of  such  material  is  required  in  the  case  of  fills  con¬ 
structed  on  other  types  of  ground.  In  the  case  of  a  fill  exceeding  3  m 
in  height the  thickness  of  the  special  base  consisting  of  well-draining 
material  should  be  determined  in  accordance  with  the  probablo  settling,  so 
that  the  layer  of  well-draining  material  would  extend  at  least  1  m  above 
the  surface  of  the  mar.  /• 

Experience  with  railroad  fills  built  on  mari  nreme  that  even 
minor  drainage  inetallati^ns/may  change  the  swampy  aspect  of  tho  mari. 
Melioration  of  mari  occu/s  as  follows.  Ae  the  ground-water  level  is  lower¬ 
ed  ,  the  uppermost  layer  dries  out  and  the  dry  moes  iB  removed  by  burning, 
leaving  a  large  quantity  of  ash.  The  sun  h^its  tho  black  and  dry  eurXhce 
more  readily,  so  that  the  mar  continues  to  dry.  As  a  result,  the  vegetation 
changes,  meadow  grass  replacing  the  moss.  Sumner  thawing  penetrates  deeper, 
the  permafrost  recedes,  and  troes  and  bushes  botrin  to  grow.  Hhile  these 
changes  are  occurring,  the  fill  gradually  settles  and  becomes  more  stable, 
ana  the  swellings  in  tho  fill  disappear.  These  considerations  make  obvi>  *is 
the  advantages  of  installing  at  least  elementary  facilities  for  removal  of 
surface  water  and  lowering  the  ground-water  level  on  mari,  further  develop¬ 
ment  of  tills  aspect  on  the  bas^s  of  proper  experim  tab  investigations  will 
undoubtedly  pose  and  answer  the  question  regarding  the  feasibility  of  more 
oxtonnlvo  and  complete  drainage  of  marl  prior  to  construction  of  the  road¬ 
bed.  Eng  i.eor  A,  Kurtinov  finds  it  advantageous  in  sore  cases  to  apply  a 
supplementary  measure  for  the  purpose  of  accelerat-op  the  process  of  thaw¬ 
ing.  This  measure  consists  of  plotting  a  drainage  belt  alter  some  prepara-  ■ 
lory  drying  of  the  surface.  - 

When  the  .ill  on  a  hummocky uo;*  id  loss  than  3  a  high,  it  is 
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be  distributed  beneath  the  fill.  In  order  to  drain  the  upper  layer  of  the 
bog,  it  is  advisable  to  dig  a  drainage  ditch  at  the  upgrade  side  cf  the  fill 
This,  ditch  should  be  located  not  closer  than  10  a  from  the  foot  of  the  berm 
slope  and'its  depth  should- not  exceed  Q.60  m. 


In  the  case  of  low  fills  on  excessively  wet  < round,  particularly 
where  the  ground  is  absolutely  flat,  drainage  ditchos  should  be  constructed 
on  both  sides  and  should  have  a  depth  of  2  to  2.5  a.  These  ditches  are 
located  not  closer  than  10  o  from  the  foot  of  the  fill  slope  and  are  de¬ 
signed  in  the  form  of  braced  wooden  troughs,  as  shown  in  Fig.  115. 

Special  bases  are  essential  in  these  cases  if  the  fills  consist  of  fine 
sand,  silt,  or  loam,  In  the  case  of  a  fill  exceeding  2  m  in  height,  the 
special  bAse  consists  of  a  1-a  layer  of  coarse  sand,  gravel,  rubble,  or 
3tone  (Fig.  116). 

In  the  case  of  fills  5  a  high  or  higher,  tho  lower  portion  con - 
aistin,  of  well-draining  material  should  extend  beyond  the  elopes  in  the 
form  of  berms.  The  dimensions  of  the  berms  depend  on  the  height  of  the 
fill  and  are  presented  in  Table  VIII.  These  berms  are  covered  with  local 
material  to  a  height  depending  on  the  heipht  of  the  fill  (Table  VIII). 

The  thickness  of  the  draining  layer  of  the  special  base  should  be  1  m, 
since  this  is  the  minimal  thickness  which  would  prevent  capillary  rise  ol' 
tlte  water  and  oiltinr  of  this  layor.  Tne  tabulated  berm  dimensions  have 
boon  established  chi  the  basis  of  the  necessity  to  assure  stability  of  tho 
fill  in  accordance  with  its  heipht  and  to  prevent  formation  of  steep 
slopes  of  tlw  permafrost  hump  which  may  occur  in  the  fill. 


TABLE  VIII 


BERM  DIMENSIONS  FOB  FILLS  CONSTRUCTED  BY  THE  PASSIVE  METHOD 


Hoight  of  Fill 

Top  Width  of  Berm 

Height  of  born 

H  In  Meters 

b  in  Maters 

h  in  Waters 

5.0  to  7.5 

1.5 

1.00 

7.5  to  10.0 

■  2,5  -- 

1.25 

10.0  to  15.0 

3.0 

1.50 

15.0  to  20.0 

!  1*.0 

2.00 

It  is  advisable  t-.;  cover  the  berms  with  15  to  30  cm  of  peat 
.nsulstinc  material  in-order  to  , produce .  flattening  of  tlw  upper 
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porirlifrost  1  iri t  beneath  and  beyond  the  fill.  The  layer  of  boss  or  peat 
should  not  be  left  exposed  because  it  may  catch  fire  when  dried  by  the  summer 
sun.  Therefore,  this  layer  should  be  covered  with  some  local  ground. 

The  berm  dimensions  cannot  be  determined  analytically.  Therefore,  they  are 
evaluated  in  accordance  tilth  the  probable  position  of  tho  upper  permafrost 
limit.  Bonos  at  the  base  of  the  fill  are  not  required  if  there  is  no  perma- 
frost  beneath  the  fill. 

It  ia  advantnroous  to  provide  ditches  on  both  sides  of  a  fill  when 
feasible.  Those  ditches  should  be  nearly  identical  in  width  and  particularly 
in  depth  Such  ditches  should  be  avoided,  or  they  should  be  located  not 
closer  than  10  a  from  tho  fill  If  it  desired  to  conserve  the  permafroet  be¬ 
neath  tho  fill.  In  the  absence  of  permafrost,  the  ditches  should  be  locate:’ 
an  accordance  wltr.  the  usual  consideration? •  It  ie  essential  to  drain 
fithe  water  from  n.aco  ditches.  Accordingly,  the  recommended  minimum  bed 
'flops  i*»  O.C03.  Use  of  ditches  should  be  avoided  in  areas  whore  the  roadbed 
passes  over  imbedded  ice.  The  requirement  that  ditches  be  dug  on  both 
cldavj  of  the  fill  ia  based  on  the  fact  that  installation  of  a  single  ditch 
c  unoia  the  roadbed  to  tilt,  so  that  the  rail  near  the  ditch  settles  raoro 
than  the*  other  rail.  This  occurrence  has  been  observed  on  tho  Amur  Railroad, 
and  ir,  due  to  tuawam.’  of  tho  permafrost  on  the  side  noarest  the  ditch, 
for  the  game  roosOn  it  Is  reccmnended  not  to  dig  ditches  over  wodgoo  of 
iabudtied  ire  or  generally  in  areae  whoro  er.ch  ice  wedges  eceur.  Similarly, 
this  reaacn  motivates  the  ronuirotsunt  that  the  water  should  be  thnrouphly 
drained  irem  tho  dit'hes.  Since  water  contains  a  large  quantity  of  heat, 
it  would  cause  deep  thawing  of  the  permafrost  whon  accumulated  in  tho  ditches. 
Thia  thawing  may  i!'jri,:usiy  affect  the  stability  of  the  fill. 

At  the  conference  on  Provisional  Engineering  Standout  da,  conducted  _ 
by  the  Academy'  of  Sciences,  engineer  A  Kjrtino-  presented  extremely 
intotvEtir,*  and  we  l-desirned  types  of  fill  for  various  conditions.  These 
designs  wore  prepared  in  accordance  with  tho  criteria  contained  in  the  draft 
plan  iv r  Provisional  ^nriuoeritu'  Standards  originated  in  193?  by  NIlPS 
f.'KFS  21  .  They"  contain  much  ■;u:;in3l  material. 

7a, rare:  117  shows  a  fill  2  to  3  m  hirh  .consisting  of  well- draining 
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material.  Tha  fill  is  located  on  a  mar  with  peat  cover,  and  is  constructed 
in  accordance  with  the  principle  of  permafrost  conservation.  If  the  base 

ground  is  unreliable,  a  layer  of  wood  is  laid  or.  the  ground  baneath  the 

// 

fill,  the  thickness  of  the  layer  being  sufficient  to  compensate  for  the 
thickness  of  the  peat  which  has  been  removed.  Peat  berrs  are  arrangec  at 
the  sides  of  the  fill  in  order  to  prevent  thawing  of  the  permafrost.  To~ 
prevent  fire  hazard*  the  peat  benns  are  covered  with  0,1?  m  of  local 
ground.  The  peat  layor  extends  along  part  of  the  fill  slope.  If  ouch  a 
fill  consists  of  fine  sand,  loamy  sand,  sandy  loam,  and  silt,  it  is  re- 
commanded  to  construct  a. base  of  well-draining  material  of  such  thickness 
that  this  base  would  extend  0.5  a  above  the  surface  of  the  mar  after  sot- 
tling  has  occurred. 

Figure  118  shows  a  fill  consisting  of  silty  material,  2  to  5  m 
high,  erected  on  a  himaaocky  bog  containing  mud  polygons.  The  lower  portion 
of  the  fill  consists  of  a  0.5  a  layer  of  well-draining  material.  Ihe  peat 
cover  i3  not  laid  on  the  slopes.  The  lower  half  haB  a  flatter  slope  than 
the  uppor  half  because  this  type  of  material  is  unstable  in  the  case  of 
steep  slopes.  The  recommended  ditches  and  their  dimensions  are  shown  in  the 
drawing.  According  to  this  typical  design,  the  hummockB  and  mounds  in  the 
base  of  such  a  fill  are  cut  down  and  removed  if  tlie  fill  is  up  to  >  »  high, 
while  they  are  cut  down  and  graded  only  in  the  berms  if  the  fill  exceeds  3  m 
in  height.  A  O.jj-m  layer  of  peat,  covered  by  a  0.15-n  layor  of  locally 
excavated  ground,  is  laid  on  the  graded  surface  of  tha  berm. 

Figure  119  shows  a  design  for  a  high  fill  (ovor  5  a)  of  lino 
sand  and  loan,  built  on  a  oar  covered  with  peat,  moss  and  grass.  As  in 
the  previous  instances,  a  base  of  wall-draining  material  extends  0.?0  o 
above  tha  surface  of  tho  mar.  To  prevent  formation  of  steep  slopes  of 
the  permafrost  hump  which  penetrates  into  tho  fill  in  tho  case  of  .high 
fills,  the  fill  slopes  arc  covered  with  an  insulating  layor  of  poat  with 
a  topping  of  locally  excavated  material .  Peat  berms  oxtend  along  tho 
sides  of  the  fill.  '  2ho  height  h  and  width  to  of  tt.e«a  Leras  are  given  in 
Table  IX. 

Figure  12J  shows  a  similar  fill  located  on  a  man  covered  with 
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huimocks  and  mounds.  The  design  is  similar  to  that  shown  in  FIr.  119,  except 
that  the  Blcpes  are  shallower  because  silty  materials  Rre  relatively  unstable 
Peat  is  recommended  for  covering  the, slopes  and  berms.  The  dimensions  of  the 
berms  are  determined  in  accordance  with  Table  IX.  The  dimensions  and  shape 
of  the  draining  ditches  are  similar  to  those  shown  in  Fig.  113. 

TABLE  IX 

DIMEh’SIOnS  OF  PEAT  32PJLS 

Height  of  Fill 
H  in  Voters 

5.0  to  7.5 

7.5  to  10.0 
io.o  to  i5.o 

15.0  to  20.0 

The  following  can  bo  stated  with  reference  to  those  fill  designs. 
All  typeo  of  earth  fills  require  a  special  base  or  an  anticapillnry  cushion 
which  would  prevent  saturation  of  the  fill  with  water.  The  height  of  thiB 
cushion  is  0.50  m.  It  should  be  noted  that  this  height  is  Inadequate  because 
a  fill  of  fine-textured  material  placed  on  top  of  a  well-draining  base  will 

>y 

reduce  the  effective  height  of  the  cushion.  A  considerable  part  of  this 
height*  if  not  the  entire  height,  will  lose  itB  effectiveness  because  the 
cushion  will  tend  to  become  silted  due  to  sifting  of  fine  particles  from 
abovo.  On  the  other  hand,  the  ground  beneath  a  high  fill  remains  thawad 
during  a  considerable  period  after  its  construction  and  contains  circulating 
moisture  part  of  which  is  transmitted  to  the  freah  fill,  along  with  particles 
of  silt  and  earth  Thus,  the  layer  of  well-draining  material  tends  to  be¬ 
come  silted  al«=o  from  below.  Consequently,  an  anticapillary  cushion  0.5  m 
thick  is  hardly  ade qua to ,  it  should  be  at  loast  1  m  thick.  It  Is  difficult 
be  conjecture  about  the  advantage  of  wooden  planks  beneath  the  fill  because 
r.o  practical  tnf--«rr.aticn  is  available.  However,  it  is  logical  to  presume 
that  a  layer  of  wood  is  n  poor  insulator  because  it  readily  becomes  saturated 
with  water.  Therefore^  such  a  layer  Is  not  practical.,  . 

The  fill  profile  shown  in  Fig.  121  was  recommended  by  engineer 


Top  Width  c>f  Berm 
b  in  Vetera 


Height  of  Berm 
h  in  Meters 


2.00 

3.00 

li.OO 

5.00 
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E.  I.  Sukhodolsky  for  use  in  a  region  in  •which  the  ground  c-ntains  an  a\ erage 
of  72  to  73  per  cent  silt.  This  design  specifics  proconetructiou  drainage 
of  the  base.  This  region  has  peculiar  properties.-;  The  near,  annual  tem¬ 
perature  ranges  between  -8°  C  and  -10°  C.  The  minimal  winter  tomporaturo 
is  about  -50°  C.  Atmospheric  precipitation  aoount^to  only  250  to  350  nan 
per  year.  There  is  little  enow,  but  wind  velocities  of  30  to  ho  m  per  sec 
often  cause  enow  drifta  several  meters  thick  under  suitable  topographic 
conditions.  Permafrost  occurs  at  shallow  depth,  while  ita  temperature  is 
-1°  C  at  a  depth  nf  1  m  and  -5°  C  to  -6°  C  at  a  depth  of  b  to  5  m.  Tho 
ground  consists 'primarily  of  supersaturated  fine-textures  matorial  con¬ 
taining  72  to  73  per  cent  silt.  Other  types  of  ground,  particularly  coarse 
materials,  occur  rarely.  Only  three  deposits  of  such  materia]  were  found 
along  a  road  stretch  of  113  ka.  The  existing  fillB  in  thia  ropion  fre¬ 
quently  are  extensively  deformed  duo,  primarily  to  soaking  and  eliding  of 
their  sides. 

i\ 

Figure  121  shows  that  the  fill  slopes  are  covered  with  insulating 
matorial  almost  to  the  very  top.  The  slope  steepness  16  nz.  Tno  aasnod 
line  indicates  the  probable  position  of  the  uppor  permafrost  limit  which 
ponetrated  into  the  core  of  the  fill.  It  should  be  noted  that  a  special 
base  w-'uld  have  baen  eseential  in  thio  fill,  despite  the  relative  un¬ 
availability  of  well-draining  material  along  tho  route  of  the  road.  U10 
required  material  should  have  been  hauled  from  far  away,  whilo  careful 
prospoctlng  for  such  material  should  have  been  undertaken  at  some  distance 
from  the  road.  Use  of  coarse  material  would  have  reduced  the  velum  of 
the  fills  and  improved  their  stability.  On  the  other  hand,  earth  berms 
are  advantageous  under  these  conditions  These  berms  increase  the  stability 

of  the  fill, 

2 i  Cuts 

Cuts  greatly  disturb  the  permafrost  regime.  It  is  advisable  to 
avoid  cuts  in  wet  permafrost  consisting  of  earth  materials,  since  tho 
„  elopes  of  such  cuts  tend  to  slide  and  tho  bottom  is  subject  to  swelling 
and  settling.  In  addition,  construction  conditions  become  increasingly 
complicated,  so  that  the  cost  cf  construction  becomes  excessive.  It  is 


particularly  recommended  to  avoid  cuts  in  fine  rand;  in  excessively  wot 
loamy  sand,  and  sandy  loam  containing  silt,  rilty  and  lilud-like  ground* 

Sinco  cuts  cannot  be  avoided,  procedures  are  recocuundod  horo 
for  stabilizing  cuts  in  various  types  of  permafrost .  Thu  design  of  cute 
in  well* draining- permaiYozan  ground  Is  an  acceptable  pr  sc  fiat,-  rivVorthe- 
lees  it  requires  considerable  care^.when  the  ground  is  wet  because  the 
slope c  of  the  cut  may  be  subject  to  extensive  sliding  when  the  ground  thaws 
rapidly  during  construction  operations  in  the  summer.  Tc  avoid  nuch  s] iding 
the  slopes  of  cuts  during  excavation  should  be  covered  with  25  to  3C  cm 
of  loose  peat  or  20  to  35  cm  of  moss.  Moreover,  this  rrose  or  peat  cover 
should  be  applied  simultaneously  with  exposure  of  the  permafrost  layer. 

Cuts  in  permafrost  consisting  of  fine-texturod  material  are  rel¬ 
atively  iriad7isable  because  they  deform  more  readily.  Experience  In 
construction  and  maintenance  of  cute  in  such  ground  has  demonstrated  that, 
unless  costly  and  complex  measures  are  used,  the  slopes  of  such  cuts  would 
romair.  stable  anly  if  their  stoepnoos  dcoa  not  exceed  li2  (Fig.  122). 

The  normal  width  of  cuts  in  ground  of  this  type  should  be  lncroaaed  by  1  m 
on  each  side  of  the  roadbed  so  aa  to  provide  shoulders  beyond  the  drainage 
ditches;  these  shoulders  would  accommodate  the  thawed  ground  sliding  down 
the  slv°e.  Prior  to  thawing  and  drying  of  the  ground  in  the  slopes,  it 
is  advantageous  to  install  temporary  drainage  troughs,  similar  to  those 
shoTai  in  fig.  115,  in  place  of  the  permanent  ditches.  It  is  advisable  to 
retard  thawing  of  the  slopes  during  oxcavation  operations.  This  is  achieved 
by  covei  .mj  the  slopeb  with  moss  or  peiat,  as  indicated  previously. 

It  is  essential  to  avoid  cuts  in  excessively  wet  permafrost 
ccnsieting  of  slud-like  and  silty  material  even  if  it  necessitates  al¬ 
tering  the  route  or  profile  of  the  road.  In  the  exceptional  cases  when 
It  is  impossible  to  relocate  the  route,  it  is  raconmanded  to  construct 
such  cuts  in  accordance  with  special  designs  and  the  following  specifi¬ 
cations,  Experience  in  construction  of  roadbeds  in  sliding  cuts  has  "demon¬ 
strated  that  tho  steepness  of  the  slopes  should  not  exceed  1:3.'  This  steep¬ 
ness  must  bo  regarded  as  a  minimus  and  it  is  kdvisablo  not  to  attempt  using 
any  steeper  slopes  because  the  final  slope  will  actually  be  even  shallower 
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than '1*3  If  an  attest  la  made  initially  to  obtain  eteapor  Diopen.  C«ta  in 
pround.. of  this  typo  should  bo  alined  at  a  grade  of  not  loss  t!. an  0.002. 

If  this  io  not  foaslLle,  however,  rapid  runoff  can  bo  obtained  if  tiio  (brain- 
age  ditches  are  designed  with  a  corresponding  grado.  However,  this  proce¬ 
dure  involves  considerable  deepening  of  the  ditchee  and  an  irscroueed  vol¬ 
ume  of  excavation. 

It  is  highly  desirable  to  build  berms  2  m  wide,  .lutsido  tho 
ditches  on  both  sides  of  the  roadbed.  Those  berms  constitute  additional 
protection  for  the  ditches  and  the  road  against  possible  slides  (tig,  123), 
In  addition,  it  ia  advisable  to-  remove  a  layer  of  ground  2.0  to  2,5  m 
thick  from  the  bottom  of  the  out  and  to  replace  it  vith  slag,  stone,  rubble, 
or  gravel j  coarse  sand  may  be  used  If  necessary.  This  procedure  io  re¬ 
commended  on  the  baaia  of  experimental  investigation  and  in  accordance  with 
opiniono  of  persons  with  corresponding  construction  exporionce, 

IT  furnace  clinkers  are  available  in  the  vicinity  of  the  cut,  it 
io  advisable  to  deposit  at  loast  0.6  m  of  tho  clinkers  at  tho  top  of  tho  “ 
backfill  in  tho  pit  formed  when  tho  original  ground  was  removed  from  tho 
bottom  of  tho  cut.  Ac  stated  previously,  the  ditches  should  be  designed  in 
tho  form  of  doop  drainage  troughs  (*’ig.  115).  In  order  to  intensify  the 
drying  of  tho  ground,  it  is  advisable  to  cut  longitudinal  surface  drains 
along  the  slopes  of  the  cut.  Those  drains  should  be  0.60  m  wide,  and  0.60  m 
deop,  filled  with  fascines  or  with  bouldoro  laid  on  a  layer  of  moss  or  peat 
If  fascines  are  not  available. 

The  surface  of  the  slopes  should  bo  covered  with  a  0.30-a  layer 
oi  loose  poat  or  moss  during  excavation  of  the  cut.  Tho  function  of  this 
cover  1b  to  retard  thawing  of  the  ground  in  the  slopes.  This  cover,  in 
conjunction  with  the  longitudinal drains  along  the  slopes,  should  facilitate 
more  intense  drying  of  the  ground  and  decrease  its  tendency  to  slido.  The 
(brains  should  consist  primarily  of  fascines,  and  the  use  of  rock  is  per¬ 
missible  only  if  fascines,  are  not  available.*  The  rock  should  be  surrounded 
by  a  layer  of  peat  or  moss  in  order  to  prevent  its  becoming  heated  by  the 
sun  or  the  air  and  the  subsequent  transfer  of  heat  into  the  ground. 

A  retaining  wall  of  fascines  or  brushwood  should  bo  installed  at 


the  loot  of  the  slope  in  cuts  exceeding  2  m  in  depth.  Tho  function  of  this 
wall  io  to  detain  the  peat  or  moss  layer  on  toe  slopes  and,  to  core  extent, 
the  sliding  ground.  It  ia  roeunasndod  to  carry  out  excavation  of  cuts 
durinr  the  winter. 

Cuts  in  earth  material  should  be  bounded  by  ditchao  alone  thie 
slopes.  In  the  case  of  rocky  slopes,  those  ditchos  are  installed  if  the 
slope  Is  not  steeper  than  ljl.  Use  of  deep  ditchao  (deeper  tom  O.fiO  m) 
should  Lo  avoided  in  order  to  prevent  excesoive  disturbance  of  tlie  porma- 
frost.  To  assure  rapid  runoff,  tho  longitudinal  grade  of  the  ditch  should 
be  not  lean  than  0.003.  Tho  requirud  cross  section  of  tho  ditch  should 
involve  oxtra  width  instead  of  depth)  therefore,  the  crosB  section  shown 
in  Fir.  121,  is  ■ recommended.  The  dlBtance  Between  the  edge  of  the  cut 
sidewall  and  the  edge  of  the  ditch  sidewall  should  be  not  greater  than 
21  s  In  the  case  of  earth  material  and  not  rreater  than  5  m  In  tho  caeo 
ibr  rock  or  rocky  ground. 

*■  v  '/ 

Figure  12?  allows  tha  design  of  a  cut  in  aocceBPlvoly  wot  purnsa- 

/  * 

;  front  consisting  of  silty  material.  This  dasign  wan  proponed  by  engineer 
A.  Kurtinov  in, accordance  with  tho  1939  draft  plan  mentioned  previously. 

Jtawnyer^  this;  (looigr.  has  oricinal  aspects.  The  slopes  of  tho  «*Cr 

•  •  //  .. 

covorod  witli  peat  or  mono  in  ordar  to  retard  and  reduce  thawing.  Tlio 

stoopnoos  of  the  slopes  is  1»3«  Tho  bottom  of  the  , cut  ia  covered  with  a 

/  '  •/ 

layer  of  wondan  planks.  The  thicknoes  of  thia  la^or  Is  t/i  be  determined 
analytically.  Tho  drainage  ditches  are  dssimod  in  ttofhferw  of  obop 
troughs.  It  should  be  noted  that  the  layer  of ^wooden  planks  is  hardly  of 
any  value,  as  it  might  readily  become  saturated  with  water  and  would  not 
act  as  an  Insulator. 

>-?  •  •/ 

Figure  126  shows  a  cut  with  banks,  made  in "swelling  ground. 

This  design  specifies  removal  of  the  ground  at  toe  bottom  of  the  cut  to  the 
depth  of  seasonal  freezing  and  backfilling  with  nongwwlling  ground.  The 
troughs  are  designed  in  accordance  with  Fig.  11?.  It  should  be  n6tpd  that 
the  slopes  in  such  a  Out  should"  be  covored  as  shewn  in  Fig.  12?,  since  tlie 
swelling  ground,  presumably  clay  Icon  or  silt,  would  tend  tc  slide  because 
of  intensive  thawinr  of  the  permafrost  in  the  slopes. 


179  • 

riguro  12?  shows  Sukhodolsky 1 s  design  of  a  cut  in  silty,  Blud-liko 
ground  of  low  bearing  capacity.  In  addition  to  tho  regular  insulation 
layer  on  tho  slopes  of  the  cut,  thcro  is  a  doublo  layer  of  insulation  con¬ 
sisting  of  wood  and  peat  beneath  the  roadbed  ballast.  Rock  or  rubble  la 
rocoianendod  ac  ballast.  The  ditches  are  replaced  by  wooden  troughs.  Sea¬ 
sonal  Insulation  of  mosG  or  peat,  about  0.3  b  thick,  is  pTaetfvTih  the  trough 
during  midsummer,  approximately  during  the  second  half  of  July.  This  insu¬ 
lation  should  be  removed  at  the  beginning  of  winter  in  orucr  to  facilitate 
intense  froezcng  of  tho  ground  adjacent  to  the  troughs.  The  ditches  should 
be  kept  free  of  enow. 

At  the  beginning  of  the  warm  season,  when  the  lowor  layer  of  tho 
troughs  thaws  and  begins  to  function,  use  of  insulation  in  the  trough,  in 
the  opinion  cf  Sukhodolsky,  would  prevent  further  excessive  wanning  of  the 
lowor  layer,  while  not  interfering  with  Its  functioning  as  a  drain.  Accord¬ 
ingly,  tho  seasonal  insulation  in  the  troughs  1b  effective  to  a  certain  «, 

extent  as  a  continuous  heat  insulator  along  the  ontiro  profile  of  tho  cut. 
Analytical  calculations  indicate  that  the  thickness  of  the  p®at  layer  should 
be  O.fjO  m  undor  given  local  conditions.  The  peat  layer  together  with  the 
wooden  flooring  provides  a  safety  factor  of  1,25,  It  1b  inadviBablo  to  use 
a  peat  layer  thicker  than  0.1*0  m  because  of  its  elasticity.  The  thickness 
of  tho  layer  of  well-draining  material  should  not  be  increased  arbitrarily 
because  an  excessively  thick  layer  would  greatly  impair  drainage.  ' 

v. 

Sukhodolsky  acknowledges  that  cuts  of  this  type  would  bo  extremely 
costly,  but  ho  notes  that  this  design  is  Justified  because  of  the  excep¬ 
tionally  unfavorable  conditions  undor  which  the  roadbed  in.  the  cuts  would 
have  to  be  maintainod  in  the  given  region  and  bec&uso  of  l-he  relatively 
short  length  of  such  cuts  involved  in  the  case  of  roads  planned  under  simi¬ 
lar  conditions. 

It  is  doubtful  whether  elastic  materials  such  as  moas  or  peat 
are  suitable  for  use  in  railway  roadbeds.  The  roadbed  would  probably  be 
unsteady. 

E.  Ifoasures  Against  Icings 

Control  of  icings  often  is  complex  and  difficult.  In  some  cases 


tho  measures  against  icings  aro  relatively  ineffective.  Therei'oro,  wnon 
selecting  a  construction •  cite  or  laying  nut  a  road,  it  is  advisable  to  avoid 
areas  whore  icings  occur.  Since  this  is  not  always  feasible  because  of 
engineering  and  economic  coneidoratiiSns  and  since  conatiuction  of  a  building 
or,  particularly,  a  road  may  create  conditions  leading  to  i'onnaticn  of  icings 
in  places  whore  they  have  not  existed  previously,  it  is  essential  to  take 
measures  to  proteot  the  structures  or  roads  against  icings. 


If  a  given  structure— whether  a  building,  bridge,  or  embankment-- 

o 

is  onddnf'orod  by  an  icing,  it  is  udvicable  to  U6e  the  active  method  of 
counteracting  the  icing  phenomena.  ThiB  method  eoeontially  consists  of  the 
following  two  major  r.oasuresj  (1)  drainage  of  the  locality  and  (2)  con- 
atruction  of  frost  bolts.  A.  M.  Chekotillo  L22J  recommends  the  following 
two  additional  measures  in  ti*>  case  of  bridges »  (1)  deepening  and  straight¬ 

ening  of  river  channels,  and  (2)  insulation  of  stream  beds. 

The  passive  mothod  comprises  efforts  t"  drain  tho  water  forming  the 
icing  and  construction  of  retaining  walls  and  barriers  to  prevent  spreading 
of  the  icing.  It  should  bo  noted  that  achievement  of  rapid  ond  complete 
effectiveness  in  control  of  icings  in  any  given  case  requires  the  applica¬ 
tion  of  lovoral  manaurea  based  on  both  the  active  and  passive  methods  and 
combined  in  accordance  with  the  actual  local  conditions.  •  Ihe  effectiveness 
of  ,tho  caanures  depends  upon  careful  investigation  of  the  causes  of  the 
icing  phenomena  and  upon  the  corresponding  course  of  action.  The  causes  and 
characteristics  of  icings,  ae  well  as  their  effect  on  structures,  wore 
discussed  in  Ghaptere  I  and  II,  As  statod  there,  icings  are  of  the  following 
throe  typos*  ground,  river,  and  Bpring, 


The  Bir.pleet  and  most  effective  method  of  controlling  ground  icinra 
consists  of  careful  drainage  of  the  area  by  means  of  surface  ditches  or 
under  suitable  topographic  and  hydrogeological  conditions,  by  means  of  a 
system  of  subsurface  drains  which  collect  the  wator  occurring  in  a  liven 
layer  as  well  as  ar.y  other  ground  water  and  divert  it  from  tho  structure, 
h'owover,  construction  of  surface  drainage  ditches  requires  definite  care 
and  detailed  consideration  of  local  conditions.  Drainage  ditches  may  cause 
doer  irse”irr  of  the  gynurh  and  fcrmaticr.  of  icings  nearby.  In  Addition, 


drainage  operations  lower  the  upper  permafrost  1 imit,  which  is  not  always 
desirables.  ?his  is  not  advantageous,  J'or  example,  when  exieting  structures 
in  this  area  are  based  or.  tho  permafrost" anti  are  designed  in  accordance  with 

tbo  principle  of  conservation  of  tho  pencairoct  layer. 

‘  \>V  :  ’  — ^  . 

Ditches  require  maintenance  consist! nr  of  periodic  cleaning  and 

repair.  Their  dimensions  and  design  are  dotornrned  in  accordance  with 
local  conditions  and  generally  do  not  differ  from  the  ordinary#  If  the 
drainage  operations  are  hot  feasible  or  cannot  be  carried  out  on  a  scale 
sufficient  to  eliminate  completely  the  icings,  due  to  particular  local 
condition^  it  is  necessary  to  use  the  methed  of  the  so-cnl led  frost  belt. 

frost  belts  are  arranged  in  the  "orm  of  a  wide  ditch  or  a 
ditch  with  an  adjacent  strip  of  ground  (wing)  from  which  tho  surface 
cover  has  been  removed,  as  ohqwn  in  Fig.  128.  A  frost  bolt  may  also 
conoist  of  a  single  strip  of  ground  from  which  tic  surface  cover  has  been 
removed,  as  shown  In  Fig.  129.  Frost  bolts  are  devices  which  facilitate 
rapid  and  deep  thawing  of  the  active  layer  in  definite  places,  bo  that 
the  movement  of  ground  water  is  blocked  and,  consequently,  the  icing  is 
prevented  from  reaching  the  roadbed,  the  bridge,  the  culvert, tha  building, 
or  any  other  structure.  Freosjng  proceeds  sore  rapidly  under  the  bare  : 
surface  of  the  ground  and  beneath  the  bottom  of  the  ditch  because  the  cold 
penetrates  there  more  readily  and  rftpidly.  The  layer  of  seasonal  freezing, 
merges  with  tho  permafrost  or  another  impervious  layer  and  forms  a  barrier 
so  that  the  icier  forms  near  the  ditch,  that  is,  the  frost  bolt  produces 
the  desired  effect.  If  tlis  icing  is  large,  a  number  of  frost  belts  are 
arranged  at  regular  intervals  so  as  t<-  cause  gradual  disappearance  of  the 
icing, 

A  frost  belt  for  control  of  ground  icings  should  be  designed  in 
each  cose  in  accordance  with  the  character  and  dimensions  of  tlie  icing  w& 

■  fj 

well  as  the  entire  complex  of  local  conditions.  Accordingly,  it  is  diffi¬ 
cult  to  specify  exact  dimensions  for  width,  depth,  length,  and  distance' 
from  the  roadbed  or  structure.  Noverthaless,  existing  experience  in  design 
of  frost  belts  makes  it-  possible  to  recomend  the  following  approximate 
dimensions*  u 
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(1)  Width  of  frost  belt  in  the  form  of  a  ditch — 5  to  10  m. 

(2)  Depth  of  1'roBt  belt  in  the  form  of  a  ditch— -0, 3  tc  1.0  n- 

(3)  Width  of  stripped  belt  (wing) — 10  to  15  m. 

(h)  Distance  from  structure — 50  to  100  m . 

It  is  obvious  that  use  of  a  frost  ..belt  is  feasible  only  if  an 
impervious  layer  occurs  at  sons  distance  below  the  ground  surfaco.  In  order 
to  construct  a  frost  bolt,  it  is  r.ces^ary  to  determine  the  direction  of 
flow  of  tho  ground  water  bocauso  the  frost  belt  it  effective  only  if  it  is 
located  approximately  normal  to  the  flow  of  the  ground  water, 

Tho  construction  of  froBt  belts  on  tho  Aaur-Yakutsk  Road  is  an 
interesting  examplo  of  protection  against  ground  icings  ! 7  1  .  Icinge 
recurred  near  a  number  of  homes.  A  drainage  ditch  257  m  long  was  dug  70  m 
from  Die  buildings  .  n  order  to  protect  tho  buildings  from  tho  icings  and  to 
divert  the  water  flowing  down  stoop  hillsides  nearby.  The  ditch  was  5  m 
wido  at  tho  top,  0.3  m  wide  at  tho  bottom,  and  2  m  deep.  The  icing  which 

formed  duriiu'  ti-o  following  year  did  not  reach  the  houses  (fig.  130). 

With  regard  to  this  particular  case,  it  should  be  noted  that  the  belt  was 
constructed  too  close  to  the  buildings.  V.  0.  Petrov  studied  these  icings 
and  recommended  construction  of  a  second,  smaller  frost  belt,  figure  131 
ohbws  Petrov f 9  design  of  a  frost  belt  which  may  be  regarded  as  typical  for 
ground  icinpr.  The  ditch  is  5  m  wide  and  1  0  deep,  while  the  wiig  is  10  m  ' 
wide  on  the  uphill  side.  In  the  given  instance  the  belt  was  2D0  m  long  and 

wag  located  bO  to  50  ra  from  the  axis  of  the  road.  The  icing  rtiich  had 

formerly  formod  on  tho  road,  shown  by  shading  in  Fig.  131  moved  uphill 
beyond  the  l  .t  and  did  not  affect  the  road  again, 

frost  bolts  against  ground  icings  require  constant  inspection. 

Their  effective  peri  d,  usually  not  longer  than  a  few  years,  may  be  ex¬ 
tended  If  they  are  covered  during  the  summer  with  insulation  layers  such 
as  poat  or  moss,  ^lie  advantage  of  this  procedure  has  been  well  established 
in  practice  and  is  explained  by^the  fact  that  the  depth  of  sumnor  thawing 
of  the  ground  beneath  the  belt  is  greater  than  tho  depth  of  winter  freer- ir.g. 

As  a  result,  tho  water peiuola to s  through  the  thawed  layer  and  there  is  nothing 
te  prevent  ready"inrmafi->;;  .«?  icings  at  likely  places. 
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Attempts  have  been  made  to  avoid  deep-summer  thawing  of  tho  froet  belt  by 
covering  the  belt  for  the  summer  with  an  insulating  moss  layer  30  cm  thick. 
The  results  wore  highly  satisfactory.  The  bolts  were  effective.  It  is 
obvious  that  the  moss  cover  Bhould  be  removed  at  the  beginning  of  autumn 
and  should  be  stacked  away  from  the  belt.  _  The  effectiveness  of  the  belt3 
is  improved  whan  the  winter  snow  is  removed  from  them*  Snow  on  a  froet 
bolt  greatly  reduces  the  depth  and  rate  of  freezing  of  thy  ground  beneath 
the  belt.  “  ■- 

\\ 

In  addition  to  their  primary  function  ox'  keeping  icings  away  from 
structures  by  retaining  the  ground  water  at  some  distance  from  the  struc¬ 
tures,  frost  bolts  may  be  used  to  reduce  swelling  of  the  ground  at  bridge 
piers  and  structural  foundations. 

When  fiver  Icings  are  sufficiently  large  to  constitute  a  hazard  to 
tho  iridgo  or  other  road  structure  and  to  clog  tho  bridge  or  the  culvort 
with  ice,  frost  belts  an  constructed  in  order  to  cause  the  icing  to  form 
upstream  at  a  safe  dlatanco  from  tho  structure.  *  These  bolts  are  construc¬ 
ted  i|S  the  fora  of  ditehwwin  the  ice  across  the  river.  Those  ditches 
are  1  to  3  m  doop  ai  d  3  to  5  o  wide,  as  shown  In  Fig.  132,  Thsy  oxtond 
Bone  distance  into  the  river  banks  and  facilitate  more  rapid  and  deeper 
freezing  of  the  underlying  ground  in  the  river  bed  and  in  the  banks. 

Thus,  the  water  flowing  in  the  conglomerate  bed  and  bunko  la  blocked  by 
an  ice  barrier  at  a  certain  distance  from  tho  road  etructuTo.  This 
barrier  forces  the  water  to  the  surface  and  causes  formation  of  an  icing 
at  the  designated  place.  H 

The  distance  between  the  road  structure  and  the  frost  belt 
depends  on  the  size  of  the  icing  end  the  contour  of  tho  river  bed.  This 
distance  should  be  approximately  ICO  to  300  a.  It  is  advantageous  to 
construct  the  belts  on  sandbanks  in  order  to  reduce  tie  'volume  of  ex¬ 
cavation  ar.d  to  accelerate  the  formation  of  the  ice  barrier.  Tho  method 
of  ^depletion,"  that  i®>  a  auccwaion  of  frost  bolts,  is  effective  in  tho 
case  of  very  large  icings.  . 

In  the  case  of  small  river  icings  and  if  snow  is  available,  it  is 
recomssjfi-k?d  to  use  a  control  method  consist  ng  of  wide  snow  dikes  across  the 


river.  These  dikes  are  erected  under  the  bridge  and  on  the  nearest  upstream 
sandbank.  They  reduce  freezing  of  the  river.  Several  holeB  are  made  in  the 
ice  downstream  of  tho  bridgo  in  ordor  to  allow  the  water  to  emerge  on  the 
surface  of  tho  ice  in  case  the  flow  is  blocked  by  frozen  sandbanks  on  the 
downstream  side. 

Tho  frost  belts  on  tho  Yakoklt  River  (Fig.  133)  constitute  a  most 
interesting  oxcraplo  of  tho  application  of  this  mothod  for  tho  vrotoction  of 
structuroo.  Their  design  is  described  by  V.  G.  Tetrov  in  nie  aforementioned 
book  on  icings.  "An  excerpt  follows. 

"To  protect  a  bridge  under  construction  across  tho  fakokit 
Rivor  from  an  unexpected  excess  of  water,  it  was  necessary  to  t! 

construct  protective  belts  consisting  of  dikes  made  of  snow  and  ■-  -  - 
,  ico.  Four  belts  were  constructed.  The  first  three  bolts  wore  so 
"  .arranged  as  to  deflect  the  water  into  adjacent  minor  channels. 

Tin  fourth  belt  is  located  10  m  upstream  of  tho  old  bridge  and 
consists  of  a  trench  excavated  in  the  ice  down  to  tho  river  bed 
(by  tho  refrigeration  method)  in  order  to  form  a  frozen  plug  block¬ 
ing  tho  water  upstream  of  the  bridge  under  construction.  This  belt 
is  constructed  as  a  safeguard  against  possible  catastrophe  in  case 
the  first  three  belts  are  unable  to  resist  the  pressure  of  the 
water.  The  dimensions  of  tho  belts  are  as  follows.  The  first 
(of  snow)  is  25  m  long  and  is  located  260  m  from  the  old  bridge. 

The  second  (of  snow)  is  25  m  long  and  is  locatod  160  m  from  the 

old  brldgo.  Tho  third  (of  spoil,  that  is,  of  snc  r  and  ice)  is 
50  m  long  and  is  locatod  60  m  from  the  old  bridge.  The  fourth 
(a  ditch  in  tho  river  ice  excavated  to  the  river  bed)  1b  50  m  long 
and  is  located  10  m  from  the  bridge.  Accordingly,  the  intervals 
between  tho  belts  are  respectively  200,  100,  and  50  m." 

Spring  icings  are  controlled  by  capping  tho  spring  and  diverting 
its  flow  to  a  suitable  place  by  moans  of  oubr.urface  drains  or  a  pipe  laid  on 
the  ground  surface  and  protected  against  freezing.  It.  fa.  Chornishev  recom- 

o  V; 

mends  capping  of  springs  by  moans  of  a  sii^le  underground  Umber  gallery,  aa 
shown  in  Fig.  i3U.  Those  galleries  differ  from  the  ordinary  ones  in  that 

they  are  wall  insulated  with  en  earth  fill  and  a  layer  of  moss  or  peat.  This 

layer  should  be  0.75  to  1.0  a  thick  and  topped  by  local  earth  material  as 
protection  against  fire  hazard.  Ordinary  wells  may  be  used  for  capping  of 
springs. 

The  objective  of  insulating  a  stream  bed  is  to  assure  this  flow  of 
water.  A.  tf.  Chekotillo  rcccTEsenus  the  arrangement  shown  in  Fig.  135.  Tho 
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channel  Is  covered  with  logs  and  poleB  arranged  longitudinally  and  trans¬ 
versely.  Ihey  rest  on  the  banks  and  on  sawhorses  placed  at  midstream.  The 
poles  are  covered  with  brushwood  and  twigs  which  are  topped  with  a  layer  of 
moss  or  peat  20  to  30  cm  thick.  If  snow  is  available,  the  brushwood  may  be 
covered  with  a  snow  layeh  of  about  $0  cm. 

An  icing  or  an  icing  mound  near  a  structure  may  bo  eliminated  by 
moans  of  small  charges  of  thermite .  Tho  else  of  the  charge  is  determined 
at  the  site  in  accordance  with  the  design  if  the  bridge  and  its  supports  and 
with  the  distanco  of  the  charge  from  the  bridge.  Explosives  may  bo  used  if 
the  explosions  do  not  constitute  any  hazard  to  the  structure.  It  should  be 
noted  that  the  use  of  thermite  1b  a  suitable  method  for  eliminating  ice  jams 
in  rivers. 

CHAPTER  V  .  „ 

SPECIAL  CONSTRUCTION  PROCEDURES  UNDER  PERMAFROST  CONDITIONS 

ft  . 

A.  Ibrocodures  for  Construction  of  Structural  Foundations  and  Supports 
1.  Gonaral  Remarks 

Hie  stability  of  btructures  under  permafrost  conditions  dopends 
largely  on  carrying  out  the  construction  operations  in  full  accord  with  the 
local  permafrost  characteristics.  Accordingly,  it  is  important  that  the 
men  in  charge  of  construction  operations  should  be  familiar  with  permafrost 
and  its  phenorena.  It  is  equally  important  to  observe  all  special  require¬ 
ments  and  specifications  involved.  In  addition,  the  construction  engineer 
should  make  a  thorough  study  of  tho  area.  He  should  analyse  tho  results  of 
investigations  and  surveys  and  make  a  personal  inspection  of  tho  entire  con¬ 
struction  area.  The  operations  should  be  accurately  and  consistently  coor¬ 
dinated  with  the  construction  method  specified  in  the  plan.  The  area  involved 
usually  constitutes  virtually  virgin  Siberian  forest,  so  that  it  is  necessary 
to  begin  with  preparatory  work  comprising  primarily  felling  of  trees,  some 
drainage  operations,  antf  construction  of  temporary  roads. 

If  construction  is  based  on  the  principle  of  conserving  the  perma¬ 
frost,  it  is  undesirable  to  clear  the  forest  or  remove  the  scrub  ami  surface 


covers  except  on  the  areas  designated  os  prospective  sites  for  the  roadbed, 
buildings,  and  road  structures.  It  is  particularly  important  to  preserve 
all  vegetation  at  the  following  places*  (1)  on  slopeB  of  steep  hills  where 
enow  slides  and  rock  slides  may  occur,  (2)  on  slopeB  of  hills  which  tend  to 
slide  and  on  slopes  where  permafrost  secure  at  shallow  depth,  (3)  near  fills 
extending  3  a  in  height  and  cuts  exceeding  2  m  in  depth,  and  (U)  near  the 
south  eldea  of  buildings. 

In  regions  of  deep  winter  freesing,  where  permafrost  is  absent  or 
sporadic,  and  in  regions  where  the  permafrost  oecurB  at  great  depth  or  under¬ 
goes  intensive  degradation,  it  ia  essential  to  carry  cut  extensive  removal  of 
scrub  and  vegetation  cover  in  order  to  facilitate  drainage.  The  surface 
covor  ia  eliminated  by  burning  the  grasB  and  other  vegetation.  Forests  should 
be  preserved  whenever  possible,  but  bushes,  scrub,  and  deadwood  should  be  • 
cleared  away.  Preservation  of  forests  prevents  any  rise  in  ground-water  ' 
level  and  formation  of  swamp a.  This  is  particulary  important  in  permafrost 
rogldne  where  the  relative  dryness  of  the  active  layer  is  a  major  factor  in 
tho  otnbility  of  the  structures  and  the  coat  of  construction. 

Timely  drainage  is  essential  and  should  be  applied  on  a  large  scale 
within,  the  entire  construction  area,  except  in  cases  whan  it  1b  required  to 
conserve  the  existing  permafrost  regime.  General  preliminary  meliorative 
operations  are  undertaken  in  all  cases  of  construction  in  regions  of  deep 
freesing  where  the  permafrost  undergoes  degradation,  or  in  areas  whore  it  is 
proposed  to  eliminate  the  permafrost,  as  well  as  on  sites  of  prospective 
cuts.  J 

Drainage  may  be  accomplished  by  means  of  open  ditches  arranged  in 
accordance  with  local  conditions.  To  avoid  formation  of  swamps  in  the  con¬ 
struction  aro  as,  it  is  particularly  essential  to  divert  the  water  Into  an 
active  stream.  During  melioration  operations  and  particularly  during  removal 
of  vegetation,  it  is  essential  to  bear  in  mind  that  brushwood  facilitates 
accueulation  of  water  because-it  retards  runoff  and  prevents  effective 
aeration  of  the  ground  surface,  while  large  trees,  in  contrast,  retain  a 
considerable  proportion  of  atmospheric  precipitation  in  their  roots  and 
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absorb  a  large  quantity  of  noicture  iV'om  the  ground  ..during  tie  growing  sea¬ 
son,  so  that  they  facilitate  drying  of  the  a  roc. 

Elimination  rf  moss,  post,  and  grass  covers  is  carried  out  in  the 
autumn  by  means  of  burning.  Construction  of  temporary  roadS  :n  regions 
where  permafrost  is  absent  or  occurs  at  great  depth,  as  wall  as  in  areas 
whore  the*  permafrost  ,1s  in  the  process  of  degradation,  it  carried  out  in 
tho  usual  mannor,  swnmpy  areas  being  by-passed  whenever  possible.  In 
rogions  of  statre  nonrafrost  occurring  immediately  boneatlt  the  active 
layor,  tho  temporary  read  should  be  constructed  rs  far  from  the  structure 
o  as  possible  in  order  to  avoid  oxcossive  disturbance  of  tho  permafrost 
regime.  In  swampy  areas,  a  temporary  road  should  bo  built  of  beams  laid 
on  longitudinal  logs  and  covered  with  ground.  Brushwood  causeways  may  t-e 
used.  If  the  road  i#  echoduled  to  accommodate  tractoro,  a  double  row  of 
booms  should  bo  laid  on  ties  spaced  at  intervals  of  1  m,  or  a  flooring  of 
,  timbora  may  he  used  in  place  of  the  beams.  Tho  upper  layer  shdiflSfise 
covered  wmi  well-draining  ground  matorial.  figure  136  shorts  a  teni'orary 
road  over  a  marshy  stretch  along  tho  Arur  Railroad.  Tills  tomporary  road 
won  constructed  as  doncriicd  above. 

All  auxiliary  and  temporary  structures  should  bo  located  as  ffU’ 
from  tho  major  structures  as  possible.  Buying  construction  of  small 
bridpos,  ir.  particular,  all  auxiliary  structures  both  on  land  and  in  the 
water  should  be  located  30  to  ?0  nr  down stream.  Restricted  zones  should  be 
established  ir.  aroas “where  economic  activities  of  other  organizations  may 
cause  disturbance  of  the  repime  of  tho  locality  or  otherwise  interfere 
Vrtith  construction  and  operation  of  the  structures,  fhs  sizes  of  ouch 
zones  aro  datorained  in  accordance  with  local  conditions.  Restricted  zones 
ray  have  to  bo  established  in  areas  whore  it  mirht  be  necessary  to  erect 
special  facilities  cr  to  carry  out  special  operations  at  c"iro  distance 
fr^r  the  mrj.'r-i  construction  rito  in  order  to  conserve  the  existing  perma- 

C 

frost  rori-me  or  to  assure  structural  stability.  In  addition,  such  zones  may 
be  nocossar/  in  aroas  where  erected  of  new  structures  mipht  in’nrfero 
with  normal  existence  and  functioning  of  the  major  structure.  Thu  aroas 
which  must  le  included  in  the  restricted  ione  ct^Tisa,  ior  example,  titos 


where  large  ground  or  river  icings  may  fora  or  places  where  imbedded  ice 
occurs , 

2.  Special  Instructions RflgardTngYlonstruction  of  Building  Foundations 

In  the  case  of  building  foundations,  the  construction  operations 
dnpand  on  the  construction  method  involved,  that  is,  active- or  erosive  method. 
Winter  construction  is  recommended  in  the  case  of  the  passive  method:  as  well 
as  when  tho  ground  is  excessively  wet  and  would  require  extensive  pumping. 

In  tho  cnee  of  tho  passive  method,  construction  operations  during  tho  winter 
would  disturb  tho  permafrost  very  little  and  it  would  not  Ixj  difficult  to 
conserve  tho  pormafroEt  at  the  base  of  tho  structure.  A  foundation  pit  exca¬ 
vated  in  tho  winter  would  not  be  affected  by  atmospheric  heat.  Only  little 
thawed  ground,  formed  during  backfilling  of  the  foundation  pit,  would  remain 
in  the  ground  among  tho  permafrost.  Li  addition,  the  temperature  of  a  foun¬ 
dation  erected  in  tho  winter  would  be  lower  than  that  of  a  foundation  erected 
in  the  sumoer.  It  is  obvious  that  the  heat  stored  in  the  backfill  and  the 
foundation  during  tie  winter  will  be  considerably  lees  than  the  heat  stored 
during  tho  svrw’-.  in  addition,  tho  permafrost  surface  and  the  walls  of  the 
pit  extended  into  the  permafrost  are  subjected  to  considerably  lesser  heating. 

On  tfcs  other  hand,  tho  design  of  some  structures  may  specify 
imbedding  the  lower  portion  of  the  foundations  in  the  permafrost  layer  in 
order  to  provent  availing  of  tho  active  layer  (FiE.  76).  In  such  a  case, 
winter  construction  of  tho  supports  is  not  only  desirable  but  imperative 
because  it  ie  necessary  to  ndf raoto  the  completed  support  to  the  ground. 

This  can  bo  accomplished  only  by  winter  re freezing  of  the  ground  excavated 
from  the  pit.  Otherwise,  it  would  be  necessary  to  apply  artificial  froozing 
or  assume  that  the  support  may  heave  due  to  swelling  of  the  active  layer. 

Sunror  construction  of  the  foundation  and  backfilling  of  the  pit 
with  thawed  ground  is  rot  permissible  because  winter  freezing  and  swelling 
of  the  active  layer  will  occur  prior  to- complete  freezing  of  the  backfill. 
Similarly,  leaving  the  pit  open  during  tho  summer  and  backfilling  it  in  the 
winter  is  not  permissible  because  the  permafrost  will  thaw  unless  spocial 
measures  are  takeRy  such  as  covering  the  pit  with  a  highly  insulating  mate¬ 
rial  .  Such  a  procedure  Ys  hot  always  feasible  or  convenient^ terYuss  it  - 
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is  difficult  adequately  to  insulate  a  pit  against  heat  and,  in  addition,  tho 
pit  has  to  be  waterproofed  against  both  surface  and  ground  water,  which  is 
virtually  impossible.  Therefore,  whenever  the  plan  calls  for  conservation 
of  the  permafrost  and  its  utilization  to  protect  the  foundations  against 
heaving,  construction  operations  during  the  cold  soason  oi  the  year  are 
highly  recommended. 

In  the  case  of  excessively  wet  ground,  winter  construction  opera¬ 
tions  aro  advantageous  because  excavation  in  the  watar-Doaiing  strata  in 
readily  accomplished  by  means  of  freezing,  and  it  is  not  necoaoary  to  ueo 
complicated  and  costly  drainage  operations.  Freezing  of  ground  and  ovon 
water  and  streams  during  construction  of  foundations  is  a  widely  used, 
simple,  and  cheap  method.  The  method  is  described  in  A ~C  of  thiB  chapter. 

It  Is  quite  difficult  to  excavate  frozen  ground  from  foundation 
pits  if  tho  work  is  carried  out  in  the  usual  way.  Therefore,  it  1b  neces¬ 
sary  to  use  special  procedures.  These  methods  are  discussed  later.  Only 
the  most  rational  methods  for  construction  of  foundations  will  be  discussed 
here.  Thoso  methods  comprise  excavation  by  means  of  explosives,  thawing 
the  ground  by  moans  of  steam  points,  and  thawing  by  fires.  The  first  two 
methods  aro  recommended  for  construction  in  accordance  with  tho  principle 
of  permafrost  conservation  because  these  methods  involve  minimum  disturb¬ 
ance  of  the  permafrost,  which  i&'an  important  factor  in  tho  passive  con¬ 
struction  method.  / 

Aftor  the  pit  has  been  excavated  to  the  design  depth,  the  thinnest 
possible  layer  of  wet  sand  is  placed  on  the  permafrost  surface  in  order  to 
lovel  it  out  and  a  wooden  grillage  is  laid  over  tho  sand,  covering  the  ontire 
bottom  of  the  excavation  (Fig.  137).  The  foundation  is  erected  on  the  gril¬ 
lage.  Since  ths  foundation  usually  is  of  concrete  or  rubble  concroto,  forms 
are  erected  over  the  grillage.  !'  ThGiSe  forms  may  remain  in  place  after  Uie 
foundation  has  been  constructed.  The  pit  within  the  permafrost  is  backfilled 
with  wot  sand  or  sandy  ground,  and  this  backfill  is  allowed  to  freeze  before  t 
backfilling  tho  upper  portion  of  the  pit.  . 

Lowering  of  wells  and  piles  into  the  permafrost  layer  is  achieved 
most  readily  by  means  of  the  American  steam  point  "because  thawing  of 


the-  ground  proceeds  rapidly  and  it  is  feasible  to-  thaw  out  not  noro  than  the 
necessary  volume  of  ground. 

If  it  is  desired  to  conserve  the  permafrost,  it  is  necessary  to 
prevent  flow  of  surface  and  ground  water  into  the  pit,  Instructions 
regarding  construction  operations  within  protective  ancloe’iTOE  are  presented 
in  A— I*  of  thie,  chaptor. 

3.  Use  of  5teain  Points  -md  Electrical  Thawing  of  the  Ground 

The  Amorican  steam  point,  shown  in  Fig.  138,  is  a  simple  steel 
steam  pipe  20  to  i*0  ram  in  diameter  and  5  to  8  m  long,  with  a  nozzle  at  one 
end  and  a  heavy  head  or  block  at  the  other  end.  The  block  weighs  10  to  15  kg 
and  Is  equipped  with  horizontal  handlebars.  A  flexible  hose  connects  the 
upper  end  of  the  pipe  to  a  steam  boiler.  o 

There  are  two  types  of  nozzles  (Fig,  139),  for  use  in  soft  and 
firm  around,  respectively.  The  nozzles  have  a  number  of  apertures  through 
which  the  steam  is  ejected.  The  flexible  hose  is  usually  attached  by  moans 
of  an  elbow  and  is  equipped  with  a  valve  to  regulate  the  steam  flow.  The 
steam  is  supplied  by  a  steam  boiler,  passes  through  the  pipe  which  has  been 
lowered  into  the  frozen  layor,  and  thaws  the  ground.  One  boiler  can  supply 
several  points  (Fig.  lltO)  • 

The  tip  (or  nozzle)  is  lowered  into  the  ground  by  pressing  with 
the  hand  on  the  handlebar  of  the  block  or  by  applying  light  blows  with  a 
mallet  or  honaner  on  the  block.  Simultaneously,  steam  is  released  through  the 
nozzle  (  Fig.  lhl).  It  is  most  convenient  to  work  when  standing  on  saw¬ 
horses,  while  a  square  plate  of  wood  or  sheet  iron,  1  a  square  and  having  a 
center  aperturo  to  accommodate  the  point,  is  laid  on  the  ground. 

The  steam  is  delivered  at  a  pressure  of  2  to  8  atm  so  that  it  is 
ejected  from  the  nozzle  with  considerable  force.  The  Bhield  oa  the  ground 
is  necessary  in  oidor  to  protect  the  workmen  from  being  injured  by  the  steam 
and  the  particles  of  ground.  One  and  sometimes  two  men  can  operate  the 
point.  In  place  of  the  special  nozzle  shorn  in  Fig.  138,  it  is  possible  to 
draw  out  the  end  of  the  pipe  and  drill  several  holes  in  its  sides.  Such 
points  can  be  prepared  in  the  most  poorly  equipped  workshop. 


Tho  rato  of  thawitir  .of  the  ground  is  quite  high  and  depends  upon 
tho  di/ur.oter  of  the  nozzle  art d  the  cteam  prossuro.  The  greater  tho  diameter 
and  the  higher  tho  ;r assure,  tho  m"re..int£nse  tho  ^hawing  of  tho  grr  und. 
According  to  engineor  S.  Ya.  Bozlisnkov,  the  .rstqs  of  thawing  of  ordinary 
frozen'  ground  ora  as  p-i  'or.  in  Table  X. 

TABLE  X 

RATE  OF  THAWIiK)  WITH  STEA”  INJECT® 


Pit  Diameter 

Time  in 

Volume  of  Thawod 

in  Centimeters 

Minute 8 

Ground  in  Cubic  Motors 

1*0 

25 

0.25 

:o  -  ..  - 

35 

0,1*0 

6o 

US 

0.55 

8c 

60  .  - 

1.00 

Thoeo  rates  dopend  on  the  disaster  of  tho  thawed  pit  and  wero  obtaiiiod  at 
a  steam  pressure  of  about  5  atm,  at  a  thawir.  depth  of  about  2  m,  .and 
using  a  2U  mm  nozzle.  When  tho  steam  pressui  o  is  increased  from  5  to  8  atm, 
tho  rato  of  thawing  increases  approximately  *0  pel  cent  por  additional 
atmosphoro,'  that  is,  tho  rato  increases  30  per  dent  when  tie  pressure  is 
inuroaeod  to  8  atm.  Accordinr  to  Professor  Bhcholokov,  thawing  of  1  cu  m  of 
common  frozen  ground  in  the  Moscow  region  coot  2  rubles  3l»  kopecks  in  1938-39. 

The  record  shows  that  8  to  9  boreB  in  permafrost  containing  60 
to  70  T'or  cent  moist, ure,  2.7  m  deep  and  3?  to  1*0  cm  in  diametor,  wore 
obtained  with  a  steam  point  1*0  nan  in  diameter  during  10  man-tir.  Another 
report  discloses  that  it  required  only  20  min  to  thaw  out  a  pile  shaft 
6  t.o  7  m  doop,  using  steam  pressure  of  about  0  atm.  The  concensus  of 
opinion  is  tl;at  the  steam  boilers  should  have  a  capacity  of  not  Iocs  than 
6  atm,  and  preferably  C  atm.  However,  it  is  feasible. to  use  low  prossurae 
of  1*  to  5  atm,  tut  the  work  would  prooeed  moro  rlowly. 

It  is  esaantial  to  insulate  tho  steam  lines  in  order  t  <  provent  ^ 
cooling  of  tie  ate Am  as  it  passes  from  t)*  boiler  to  the  nozzlo.  The 
pressure. drop  due  to  cooling  of  the  htse  is  quite  considerable,  when  the 
outside  temperature  is  -30°  5  to  -1*0°  C, 

After  the  ground  has  been  thawed  by  tho  steam  point,  the  piios 

-  - :  -  ..  .  -  .  U 

nay  be  lowered  in  the  usual  manner.  Tne  pile  is  readily  lowered  into  the 


ground;  it  requires  a  maximum  of  20  min  to  lowor  a  pile  to  a  dopth  of  6  to  7  m 

The  host  time  for  driving  pilos  with  the  aid  of  eta am  pointG  is  at 
the  beglnnlnp  of  winter  during  the  first  frosts.  Under  these  conditions,  it 
is  unnecessary  to  thaw  the  active  layer,  since  it  can  be  excavated  to  tho 
pormni'rost,  bo  that  lowering  of  the  piles- proceeds  from  the  pnrra.’i  frost  sur~ 
faco  proper.  Tho  pilos  driven  into  the  thawed  poroafroat  remain  in  the  open 
pit  and  aro  not  backfilled  until  spring.  The  pit  within  the  active  layer  is 
fillod  with  rubble  immediately  prior  to  the  arrival  of  the  warm  eenern.  Should 
it  bo  iiocossary  to  roduco  the  period  during  which  the  pile  remains  uncovered, 
it  is  osEontinl  to  determine)  whether  tho  permafrost  has  beon  restored.  This 
can  be  done  by  moans  of  drilling  or  pulling  out  the  pile.  Tho  time  required 
to  rostoro  tho  permafrost  thawed  by  a  steam  point  is  indeterminate  and  dopendo 
upon  local  conditions.  According  to  Blkov,  tho  permafrost  is  restored  during 
tho  winter  within  1.?  to  ?.0  months. 

Some  engineers  am  of  tho  opinion  that  the  months  of  January  to 
June  constitute  the  bast  season  for  steaming  the  ground  for  pilo  foundations, 
Tho  pit  in  which  steaming  operations  are  carriod  out  should  be  protected 
arainst  ponntrntion  of  snow  and  water.  The  water  should  bo  pumped  out  at 
regular  intervals  and  tho  ice  should  be  chopped  away.  Tho  pit  should  be 
covered  with  boards  in  order  to  keep  it  free  of  snow. 

The  steam  point  has  been  widely  used  in  the  United  Statoo  (Alaska); 
hence  it  is  referred  to  as  "American . M  In  American  practice,  large  areas 
are  simultaneously  thawed  by  steam,  points.  This  is  accomplished  by  moons 
of  i  large  numbor  of  points  arranged  along  parallol  steam  linos. 

Use  of  steam  points  for  various  types  of  work  was  recommended  in 
tho  preceding.  This  device  actually  constitutes  one  of  the  simplest  and  most 

effective  methods  for  excavation  of  frozen  ground  !23,  Sli].* 

-  -  '  /r'~ 

An  interesting  type  of  thawing  operation  by  moans  of  electricity 
was  used  at.  Solikamsk.  This  procedure  involved  placing  an  electrical  heating 
unit  in  a  16  ra  bore  drilled  in  the  frozen  ground.  The  heating  unit  remained 
there  for  6  hr  and  thawed  a  column  of  frozen  ground  O.B  m  in  diameter.  The 

*  These  publications  contain  highly  interesting  and  rocont  data  on 
•fgQiira  ^hagiRg-by:gsan^ A.f  -atwac^and  alestriaity.  -  ^  . .  . 


power  U6ad  was  only  0.3  to  Q.L  kwhr.  The  heating  unit  was  designed  as  fol¬ 
lows.  A  round  steel  bar,  19  mn  in  diameter,  was  wrapped  in  3  mm  of  Bheot 
aabestos  which  was  tied  spirally  with  fine  furnace  or  binding  wiro.  This 
spiral  waB  covered  with  asbestos  and  placed  in  a  50  mm  pas  pipe.  Tho  lowor 
end  of  the  pipe  was  Bealed,  tho  entire  unit  was  lowered  into  the  bore,  and 
tho  pipe  was  connected  to  a  source  of  electric  current  [234 

U.  Specific  Instructions  regarding  Eroction  of  I-*ridwe  foundations  and 

Other  Special  Structures 

, i  In  cases  whore  it  is  proposod  to  build  supports  on  the  principle 

of  pormafrost  conservation,  the  best  time  for  excavation  of  foundation 
pits  extending  into  tho  permafrost  is  during  the  first  frosts,  that  is, 
at  tho  beginning  of  winter.  Construction  operations  under  theca  conditions 
have  a  minor  affect  on  the  permafrost  regime.  Koreoevor,  excavation  in  tho 
active  layer  does  not  present  any  difficulty  because  the  layer  1b  not  yot  - j 
frozen.  Tf  tho  active  layer  Is  wet,  the  freezing  method  can  be  appliod. 

It  is  advantageous  to  conduot  excavation  operations  during  tho  cold  season 
also  in  arose  where  permafrost  is  absent  or  occurs  at  groat  depth  and  tho 
ground  is  wot,  as  freezing  of  the  foundation  pit  is  applicable  undor  those 
conditions. 

Excavation  of  permafrost  may  utilize  hand  tools,  pneumatic  instru¬ 
ments,  fire,  steam  points,  and  explosives.  The  last  two  methods  aro  rocnm- 
mondod  if  it  is  proposed  to  conserve  the  permafrost,  since  these  methods 
cause  tho  least  disturbance  of  the  permafrost  regime.  Tho  foundation  pit 
should  t*e  wider  than  the  projected  foundation.  Tho  magnitude  of  tho  addi¬ 
tional  width  depends  upon  tho  nature  of  the  ground;  1.0  to  1.?  a  is  suffi¬ 
cient  in  tho  caco  of  sandy  or  gravelly  ground,  while  1.5  to  £.0  a  should 
bo  used  in  tho  caso  of  loamy  or  silty  ground.  TJhen  firo  is  used  to  thaw 
the  ground,  the  walls  of  the  pit  excavated  in  the  permafrost  eIiolIU  be 
covered  with  moss,  peat,  straw1,  or  a  similar  material,  and  faced  with  plankts 
in  order  to  avoid  thawing  and  creeping  of  the  walls. 

During  either  summer  or  wintor  excavation  operations,  it  is 
essential  adequately  to  protect  the  pit  from  surface  or  ground  water, 


ufcirn'  drainage  installations  or  pumping,  in  order  to  n.a ; n tain  ti<a  frozen 
state,  of  the  foundation  Ir.so ,  if  necessary,  and  to  av'-id  roreral  co.onli- 
cati’-ns.  If  t;  a  excavation  was  prer-.arod  In  the  autumn  or  wintor,  the  f  ounda 
ticn  should  be  constructed  jrmediately  after  completion,  of  the  excavation 
operations  and  tho  work  should  proeood  within  suitaoie  temporary  one! enures. 
If  it  in  desired  to  conserve  the  permafrost  at  t)»  foundati'  n  base  and  the 
work  proceeds  within  the  protoot, ivo  enclosures,  it  1b  essentia  ti  observe 
tne  following  instructions.  Prior  to  heating  the  enclosure,  the  pit  walla 
within  the  active  layur  should  bo  covered  with  moss,  peat,  or  straw,  ard 
faced  with  plfjiks  to  avoid  heat  transfer  from  the  nit  to  tho  ground.  The 
air  temperature  within  the  pit  should  bo  not  lower  than  zero  or  higher  than 
'Ju  C.  It  should  bo  notod  tore  that  certain  typos  of  comont  do  not  harden  or 
set  within  this  temp  rau.ro  roof's.  Thoroforo,  the  tonqxjraluro  in  L!  o  pit 
eh'  Ull  bo  rogulatod  accordingly.  Tho  eompouition  a>d  quality  of  the  mortar 
and  concrete  should  be  the  same  as  In  the  case  of  work  at  low  temper¬ 
atures.  It  is  oBsential  to  hoat  the  gravel,  sund,  and  water  for  the  con¬ 
crete.  Vibrat  oi.  accoluraton  hardening  of  the  concrete.  Tito  otovos  for 
heating  tho  pita  should  be  located  above  tho  git  at  ground  level,  otherwise 
the  tomporaturo  in  tho  jilt  will  rice  auove  the  allowable  limit  and  will 
affect  the  permafmeu.  The  stoves  nay  be  housed  in  tho  structure  used  for 
healing  the  aggregate. 

After  tho  base  layer  and  timber  grillage  are  laid  on  tho  surface 
of  tho  exposed  permafrost,  the  spaces  between  the  grillage  and  the  pit  walls 
should  bo  filled  with  thoroughly  tamped  wet  sand.  Tne  proviouBly  prepared 
forms  for  tho  concrete  are  placed  thon  on  the  grillage  and  concrete  is 
poured  to  ft  height  of  o.£  to  1.0  e  above  ground  level.  Pouring  the  concrete 
or  laying  the  masonry  should  proceed  as  ropidly  ae  possible  in  order  to 
minimise  heating  of  the  permafrost.  This  partially  completed  foundati  n.in 
kept  in  the  heated  enclosure  sufficiently  lonr  to  .allow  the  mortar  or  con¬ 
crete  to  attain  tho  roqtired  strength,  after  which  the  enclosure  is  cooled 
and  dismantled.  At  the  ngfro  time,  tho  lowar-^portion  of  ths  pit  wall  in- 
culati^n  {corr,  peat,  planks)  is  removed  ar,d  thb  spaces  between  the  feunda- 
tiri;  and  the  pit  walls  within  the  permafrost  layer  are  filled  with  wot  sand* 
pThisrl’lll^is .subjected  to  frost  acU.vh  in  efior  to  restore  t;.o  permafrost. 


If  the  construction  schedule  permits,  it  is  advisablo  to  cover  the  pit  with 
planks  ar,d  leave  it  this  v?ay  'until  spring.  " 

AX tor  the  sand  fill  within  the  permafrost  layer  and  tho  thawed 
pit  walls  have  been  frozen,  the  remainder  of  the  founuatt'-r.  pit  is  filled 
at  the  ond  of  winter  with  rubble  or  other  well-draining  material  if  this 
•  involves  no  complications  and  is  not  coetly.  The  wall  cevorc  within  the 
active  layer  ehculd  remain  in  place  as  protection  against  silting  of  the 
fill,  ^oncreto  forms,  if  any,  should  remain  in  placo  also.  Tho  foundation 
rides  within  the  active  layer  should  be  given  a  smooth  finish  ac  construc¬ 
tion  work  progresses. 

Tho  supraaurfflco  port  of  the  support  may  bo  erected  during  the 
summer.  If  it  is  necessary  to  continue  tho  work  during  tho  winter  in  a 
heated  onclooure,  it  is  imperative  to  place  an  Insulating  layer  around  the 
support  on  top  of  tho  pit  which  has  boon  previously  backfilled  to  .round 
lovel.  This  layer  should  consist  of  slag,  ash,  moBO,  peat,  straw,  pino 
noodles,  cr  a  similar  material,  and  ahould  be  covered  with  ground.  The 
layer  should  bo  at  least  $ 0  cn  thick.  It  is  advantageous  to  provido  spe¬ 
cial  channels  beneath  this  insulating  layer  in  order  t'>  facilitate  cir¬ 
culation  of  cold  air  to  the  footing.  If  it  is  proposed  to  conserve  tho  . 
permafrost,  backfilling  of  abutment  excavations  should  bo  carried  out  be¬ 
fore  tho  warm  season  s\{ts  in.  The  backfill  material  should  be  relatively 

coarse,  preferably  frozen,  and  should  bo  well  tamped.  If  well-draining 

. 

material  is  not  available  and  other  material  is  used,  drainage  layers  of 
gravel  or  rubble  should  be  installed  at  the  rear  of  the  abutment. 

If  a  rock  base  is  available,  supports  resting  on  cribs  may  be 
erected  during  r.ny  season  of  the  year.  If  the  rock  fill  beneath  the 
crib  rests  cn  permafrost,  it  is  advisable  to  proceed  with  construction 
durlr.r  tie  winter.  In  this  case,  tho  lower  logs  of  the  crib  are  in¬ 
stalled  during  the  spring  and  tho  rit  is  completely  backfilled,  If  the 
active  layer  is  water  bearing, is  more  convenient  to  carry  cut  con¬ 
struction  durin-'  the  winter  and  use  the  freezing  method  oven  if  a  rock  taco 
is  available.  Tho  crib  should  bo  heavy;  accord! ngly,  it  is  auvicati®  tr¬ 
im  the  crib  with  material  of  assorted  sicost  cobble-stones,  rubblo,  grave 


All  auxiliary  structures,  material  dumps,  temporary  roads,  and 
workers1  quarters  should  bo  located  downstream  of  the  bridge  under  con¬ 
struction,  at  a  distance  of  at  least  25  m  from  the  bridge  axis.  It  is 
imporativo  not  to  diBturb  the  regime  of  the  area  upstream  of  tho  bridge. 

5.  Special  Instructions  Regarding  Construction  of  Stlo.'iiaco  Structures 

When  tunnels  are  faced  with  masonry  or  concroto,  the  section  of 
the  tunnol  in  which  this  operation  takes  placo  should  bo  naintainod  at  a 
temperature  sufficient  to  assure  setting  and  hardening  of  the  concrete 
(not  lower  than  5°  C).  ThiB  temperature  should  be  maintained  sufficiently 
long  to  allow  the  mortar  or  concrete  to  develop  ltB  design  strength.  Ure 
of  high-grade  cement  and  accelorated  rate  of  work  would  shorten  the  required 
time  interval. 

If  the  frozen  ground  in  the  tunnel  may  become  slud-like  when  thawod, 
or  if  it  consists  of  individual  chunks  of  rock  cemontod  by  interstitial  ice, 
it  is  necessary  to  use  good  insulation  during  construction  of  tho  foundations, 
walls,  and  arch  in  order  to  preserve  the  frozen  state  of  tho  ground  whilo 
tho  mortar  or  concroto  is  in  the  process  of  hardening. 

Waterproofing  is  an  aspect  requiring  particular  core.  Water¬ 
proofing  operations  must  be  thorough.  It  is  essential  to  boar  in  mind 
that  ground  water  often  is  highly  aggressive  in  many  cases  under  these  condi¬ 
tions  and  may  damage  the  masonry  if  proper  preventive  measures  ere  not  taken. 

6.  Freezing  of  Foundation  Tits  and  Thoir  Protection  Against  Inflow  of 
Water 

Btcavation  operations  in  permafrost  areas  often  oncountor  almost 
insuperable  difficulty  duo  to  excessive  ground  water  and  the  impossibility 
of  using  sheet  piling.  In  addition,  if  the  plans  specify  conservation  of 
the  permafrost  tit  the  foundation  base,  epeclal  treasures  are  necessary  to 
protect  tho  excavation  against  inflow  of  surface  or  ground  water. 

Removal  of  water  from  an  excavation  is  usually  a  costly  operation 
because  the  excessive  moisture  of  the  ground  and  tho  flow  of  ground  water 
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the  other  hand,  If  the  work  io  done  during  tho  winter ,  pimping  io  avoidod 
and  the  ojiprationc  ore  simpler  and  cheaper  because  it  is  feasible  to  apply 
the  method  of  freezing  of  the  ground  using  natural  cold,  This  method  is 
applicable  even  in  the  southern  regions  of  permafrost  whore  the  air 
temperature  in  the  winter  reaches  -30°  to  -1*0°  C.  The  advantage  of  the 
freezing  method  is  due  to  the  fact  that  this  method  causes  only  negligible 
disturbance  of  the  permafrost  repine.  In  addition,  this  method  ie  simple 
and  cheap. 1251. 

It  is  feasible  to  freeze  not  only  the  ground  but  also  flowing 
water  in  a  river  as  well*  As  a  result,  freezing  may  be  substituted  for 
the  ccnplex  and  expensive  method  of  caissonB  when  piors  are  erected  in 
water.  Experience  in  the  use  of  the  freezing  method  is  quite  extensive 
and  this  method  has  been  sufficiently  tested  in  practice.  Figure  lii2 
illustrates  an  interesting  example  of  application  of  the  freezing  method  to 
construction  of  supports.  It  shows  tho  pier  of  a  bridge  with  NJJ  a  spans, 
extending  12.2  m  below  the  river  bed  or  13i9  a  below  tho  water  surface. 
Freezing  war.  applied  to  a  water  layer  1.7  m  thick,  a  layer  of  pebble  a 
thick,  and  a  layer  of  brown  silty  loam  9.7  a  thick. 

Freezing  of  an  excavation  in  tho  ground  is  carried  out  as 
follows  (Fig.  UJ).  ®ien  the  frosts  eat  in,  the  excavation  operations 
proceed  until  the  ground-water  level  is  reached,  within  the  layer  where 
work  can  be  carried  out  without  pumping.  The  pit  is  excavated  in  such 
a  way  that  longitudinal  and  transverse  earth  partitions  30  to  $0  cm  thick 
retrain  in  place,  so  that  several  cooportiasnte  are  formed,  each  measuring 
at  least  2  by  2  m,  as  shown  in  Fig.  lUf.  This  compartP«.ntation  is  neces¬ 
sary  as  a  safeguard  against  flooding  of  tho  pit  during  subsequent  ex¬ 
cavation  operations.  Should  that  occur,  it  w^ild  be  necessary  either  to 
pump  out  large  quantities  of  water  or,  if  the  water  is  permitted  to 
freeze,  to  remove  large  masses  of  ice.'  When  partitions  are  used,  however, 
only  one  compartment  may  become  flooded  and  the  situation  can  be  readily 
remedied.  - 

Freezing  of  the  pit  sidewall's  is  accelerated  If  the  vegetation 
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excavated  pit  is  exposed  tc  the  cold  air  for  a  few  days  until  the  bottom  of 
the  pit  freezes  to  a  depth  of  31’'  to  *>0  cm.  This  requires  f  or  to  coven  days, 
depending  or:  the  temperature  of  the" air,  ~  'To  facilitate  freozing,  the  snow 
should  be  removed  fran  tho  bottom  of  tho  pit  mid  tho  exposed  rvrf aco  around 
the  pit.  Tl>e  depth  of  froezlr.r  ie  determined  by  drilling  t!-e  frozen  ground 
at  several  places.  Port  oi'  tills  frozen  layer  ie  then  removed,  tho  excava¬ 
tion  proceeding  until  the  remaining  layer  is  at  loaet  20  ua  thick.  After¬ 
wards,  the  pit.  is  ponnitted  to  freazo  again,  and  a  portion  of  tho  newly 
frozen  luyer  is  excavated  subsequently.  This  process  is  repeated  until  tho 
desired  depth  is  reachod. 

Picks  and  crowbars  are  used  during  excavation,  but  it  may  bo 
feasible  t.o  thaw  tho  gr  urid  by  means  of  b  nfiroa  or  to  ueo  explosives.  The 
latter  motnod  requires  experience,  skill  and  caution,  fchon  bonfires  are 
used,  the  wallo  of  tho  excavation  should  be  covered  with  moss,  peat,  or 
straw  and  encloGOd  in  planks  in  order  to  prevent  heat  transfer  to  the  walla. 

If  water  emerges  into  the  pit  through  the  drill  hole  which  was 
used  in  determining  the  depth  of  freezing,  tho  hole  should  be  closod  with 
a  wooden  or  iron  plur.  If  a  cprinp  occurs  In  the  pit,  it  should  be  diverted 
or  capped  Freezing  is  accelerated  if  iron  crowbars  or  pipes  are  driven 
Into  the  ground.  Tho  upper  end  of  the  pipe  should  remain  open,  while  the 
lower  end  should  bo  sealed, 

lloree-drivon  ventilators  were  U6ed  on  tho  Trans-Eaikal  Railroad 
in  order  to  accelerate  freezing  of  excavations  3*b  to  L.O  m  deep.  The 
ventilators  blow  cold  air  on  tho  bottoms  of  tho  excavations.  Professor 
A.  N.  Peasek  reervnends  utilizing  the  wind  for  this  purpose  by  installing 
-propellere  or  special  funnels  to  direct  the  air  into  tho  excavation  [26]. 
After  tho  pit  has  been  excavated  to  the  required  depth,  its  walla  are 
faced  with  planks  underlain  by  cose,  straw,  or  othor  insulatiri.'  material. 

A  heated  enclosure  ie  installed  t-hon,  within  which  tho  work  proceeds  os 
usual.  A— U  of  this  chapter  contains  the  pertinent  information. 

Freezing  of  water  ir  n  river,  and  subsequently  of  the  river  bed, 
is  conducted  in  an  analogous  nanner.  In  order  to  accelerate  the  freezing 
^  epuratirr.,  it  is'-.rectwsfjmled %  retard  the  flow  at  the  area  involved  by 
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driving  cheat  piling  or  ordinary  stakes,  as  shown  in  Mg.  l!+5«  The  ex¬ 
cavation  is  divided  into  compartments,  as  in  the  previous  cases,  end  the 
ice  is  chopped  away  as  it  formt'.  It.  is  necessary  to  taka  into  c.  nr  idoration 
the  fact  that  water  freezes  approximately  three  times  elowor  than  ground . 
Professor  Passek,  who  had  extensive  experience  in  operations  of  this  type, 
recommends  the  use  of  pipes  to  accelerate  frees  eg  uf  the  water.  Each 
pipe  is  lowered  into  tho  water  with  one  end  closed  or  Lent,  in  U.u  foiri  of 
a  U  so  as  to  pemit  maximum  free  circulation  of  ti.<5  air  (Pig.  lU>).  Tills 
method  accelerates  freezing  one-and-one-half  to  tv.o  times.  Pipos  6  to  *’ cm 
in  diameter  are  reconmended. 

According  to  Passok,  applicator.  of  iron  tanie  is  most  ad¬ 
vantageous  (Fig.  11x7 ) .  Those  tanks  are  prepared  ty  welding  or  rJvat'rg 
sheet  iron  3  to  5  ran  thick  into  cylinders  of  minimum  diameter  cm. 

Tho  tanka  nro  waterproofed.  The  bottom  of  the  tank  is  located  above  the 
lower  end  of  tho  cylinder,  an  that  the  tank  can  be  sunk  20  to  1x0  can  into 
the  river  bed.  The  tanks  are  filled  with  atones  and  inmeraed  Into  tho 
wator  in  such  a  way  that  their  uopor  ends  protrude  above  the  water  level. 

To  provide  adequate  room  for  a  workman  to  operate,  tho  clearance  between 
adjacent  tanks  should  l*  55  to  65  cm.  The  st'nos  are  removed  ns  boon  as 
the  tanka  ndfreaza  to  the  ice.  Freeing  is  accclorated  when  ice  nr.d  mow 
are  dumped  into  t.ho  vmtor  between  the  tanks. 

Pronging  of  t!i  ■  w  tor  causes  occurrence  '’f  pressure  which  may 
rosult  in  heaving  of  the  ice.  Therefore,  it  is  advisable  to  chop  several 
holes  in  tho  river  lco  at  a  distance  of  00  to  10';  m  downstream  "i  the 
point  where  freezing  oporationr  aro  carried  nut. 

The  amount  of  ground  water  con  bo  reduced  in  some  cares  by  nsuis 
of  froel  belts.  The  frost  belt  1b  constructed  normal  to  tho  ground-water 
flow  and  bars  its  access  to  the  excavation.  Sn-etires  it  is  feasible 
simply  to  surround  the  excavation  with  a  frost  belt,  as  shown  in  rig.  lb1!. 
For  this  purpose,  n  ditch  is  dug  all  around  tho  excavation  at  a  distance 
of  several  meters  from  it.  Tho  ditch  is  1  m  wido,  whiio  its  copth  ran  gas 
from  1.5  to  2,0  a,  depending  on  tho  water  table.  In  addition,  a  strip 
1.5  to  2.5  c  wide  or.  each  side  of  the  ditch  is  cleared  uf  surface  cover. 


■  The  ground  in  the  walls  and  bottom  of  the  ditch  freozos  and  Esrgea  with  the 
impervious  stratum  of  permafrost,  rock,  or  clay,  so  that  the  ground  water  is 
prevented  from  reaching  the  excavation.  If  deep  freezing  is  required,  tho 
bottom  of  tho  ditch  can  be  deepened  after  it  has  frozen.  This  ic  done  by 
successive  removal  of  the  bottom  layers  as  soon  as  they  freeze. 

The  rate  of  freezing  is  approximately  1.0  to  l.h  r  :"ery  15  to  25 
days.  It  depends  upon  the  texture  of  the  ground,  the  noictuic,  rd  the 
temperature  nf  the  air.  Bhilo  freezing  1b  in  prograss,  it  io  recn-rcry  to 
romovo  tho  r.now,  water,  and  ice  from  the  excavation  cnl  tljo  rtript>cd  our- 
l'acon.  The  advantage  of  this  method  is  that  excavation  in  tho  pit  proper  Is 
simp  lor  and  motor  because  it  is  dona  in  thawed  rather  than  frozen  ground. 

Of  court o,  this  method  io  feasible  only  when  the  required  conditions  are 
favorable  1 27  ,  .* 

H.  Earthwork  Operations  in  frozen  Ground 

1 .  General  Considerations  and  SpocificationB 

Since  c  nstruction  on  permafrost  is  particularly  complex  and  it  io 
impossible  to  plan  earth  structures  in  accordance  with  the  totality  of  factoro 
arising  from  local  conditions  and  circumstances,  construction  practice  Bhould 
strictly  adhere  to  ti.o  plane  and  should  be  in  full  accord  with  tho  local  fac¬ 
tors  obtained  J'r  m  tho  available  plan  material  and  from  spocial  surveys  when 
necessary.  Accordingly,  the  construction  engineer  9hould  be  thoroughly  l'anil- 
ior  with  the  purmffeot  characteristics  of  the  construction  area  involved,  and 
should  rive  careful  consideration  to  both  tho  design  specifications  and  local 
conditions. 


Ex. ovation  of  frozen  ground  in  cuts  and  pits  in  tho  poma frost 
region  is  quite  complicated,  very  costly,  and  time  consuming.  The  cost  of 
such  excavations  often  an, 'lou'-huo  tho  cost  of  similar  operations  in  solid 
rock  under  ordinary  conditions.  This  is  primarily  duo  to  the  fact  “that  frozen 
ground  ic  very  strong.  Some  tests  showed  that  tho  ultimate  comprosBive 
strength  of  frozen  ground  was  lno  to  120  kg  per  sq  cm.  Figure  lb?  vividly 
11  !e?trnt«f  the  .strength  of  frozen  ground.  It  shows  ah  unsupported,  t.htn':r~ 
arch  of  fro sen  ground,  formed  when  gravel  has  boon  excavated.  Another 
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reference  contains  valuable  information  at  net  excavation  opera- 
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contributing,  factor . to  the  high  cost  of  excavation  in  frozen  ground  is  the 
fact  that  many  typos  of  frozen  ground  tend  to  become  slvd-ilko  when  thawed 
and  it  is  virtually  impossible  to  .^retain  them  in  place.  It  is  practically 
impossible  to  walk  or  ride  on  some  thawed  ground.  Both  horses  and  non  tend 
to  sink  into  it.  figure  ICO  shows  a  muddy  cut  fillet  with  slud-like  ground. 

The  suitablo  method  and  soasen  for  excavations  Ir.  permafrost  depend 
firstly  on  tho  composition  of  the  ground  and  secondly  <v.  i.-nioturo  con- 
teht.  Either  winter  or  aurjner  oxeav&tion  operations  £.:•■.  periciuciblo  in  tho 
case  of  well-draining  ground,  Buch  as  pebbles,  gravel,  or  cc.trse  aand, 
although  cummer  operations  require  tveosures  lor  retarding  tho  thawing  pro- 
cess  if  tho  ground  is  excessively  moist.  vVintoi  excavation  of  cart),  mato- 
riala,  that  is,  fine  sand,  silt,  loam,  and  cl3y,  is  preferable.  Surmier 
excavation  of  such  ground  i9  noraiEslblo  only  whon  the  prmnr  is  not.  surar- 
aaturatad,  that  is,  if  tho  moisture  content  iG  lees  than  30  jn -r  cut. 

kVozen  ground  may  be  excavated  by  means  of  the  'following  mothodoi 

(1)  In  the  frozen  ntate,  by  cutting  and  fragmenting  too] a. 

(2)  In  the  frozen  state,  by  oxplosivoa.  ' 

O)  In  the  thawed  state,  by  thawing  wtlh  natural  ho  it. 

(k)  In  the  thawed  state,  by  thawing  with  fires. 

(C)  In  tho  thawed  stRtn,  by  thawing  witli  storm  points. 

Those  mothods  are  discussed  hero  in  detail  in  order  th  give  tho 
reader  the  opportunity  to  become  familiar  with  them,  no  that  he  cun  select 
the  most  suit-able  method  for  a  given  situation. 

•a.  ’-'ethod  1 

'Jr.o  of  shovels  is  not  feasible  because  frozen  ground  is  so  strong 
that  shovels  canrro.t  jenatrate  it.  inchoated  shovels  are  used  oecntiiomfLly, 
but  tills  procedure  is  disadvontaronun  because  the  shovels  have  to  be  ruhoated 
repeatedly,  which  consumes  tine  and  labor.  In  addition,  two  or  three  liBan 
the  normal  num'cer  of  shovels  are  r.oqdod  as  well  as  extra  workmen  to  maintain 
the  fires,  prepare  firewood,  and  heat  the  shovels.  ftb-thersHUV,  hoa’  mg 
rapidly  damages  the  shovels.  Till r.  method  is  applicable  only  ir.  the  case  of  '* 
excessively  wet  ground  nr  soft,  loamy  ground  if  tho  volume  of  excavation  is 
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relatively  small.  The  advantage  of  this  type  el'  operation  is  that  it  is 
possible  to  excavate  only  as  much  ground  as  necessary,  which  is  not  feasible 
in  the  care  o f  any  other  method  of  excavation  in  frozen  ground.  f.’oreovnr, 
this  method  cious  not  disturb  the  permafrost  regime. 

The  uco  of  picks  and  crowbars  for  preliminary  loosening  of  the 
ground  is  peraisribln  but  not  very  effective.  It  is  difficult  to  break  frozen 
ground,  and  r.u'h  time  and  effort  are  needed  to  obtain  result.-.  Co  tho  average, 
ono  workman  can  ex  ovate  approximately  0.?^  to  1.20  cu  a  during  n  normal  work¬ 
day  if  tho  ground  is  oxcoB6ively  wet,  or  1.2  to  2.0  cu  m  if  the  ground  la 
medium  vrot.-  Pneumatic  tools  are  moot  effective  in  loosening  the  ground,  How¬ 
ever,  thoce  tools  require  compressors.  (The  aspects  of  excavation  in  l'ro/on 
ground  nru  discuerod  by  1'.  N.  Ron  [28].) 

Summer  op0raticna  by  the  method  under  consideration  eru  ronderod 
considerably  more  difficult  because  the  permafrost  surface  and  the  clods  thaw 
rapidly  and  turn  Into  mud  on  that  the  work  proceeds  in  mud.  The  aides  begin 
to  slide  into  the  cut  or  pit.  Water  Trom  tho  thawing  ground,  sonsetimnn  supple¬ 
mented  by  rmn.  accumulate!,  m  low  lying  spots  (Fig.  1^1)  so  that  thawing  of 
Uie  permafrost  pr  icoeds  oven  more  ltitenfoly.  It  ia  not  always  possible  to 
<11  vert  tho  water,  and  often  it  io  impossible  to  remove  it  by  pumping.  Simi¬ 
larly,  it  ia  impossible  to  use  cheat  piling.  As  a  result,  it  la  necessary  to 
contend  with  a  miry  in  which  it  may  he  impossible  to  walk  or  rldo.  Sliding 
of  walls  and  elnpee  necoerit  tor  removal  of  much  more  ground  than  would  othor- 
wito  be  r.o  contrary.  To  avoid  this,  curasur  operations  in  excessively  wet  ground 
require  measures  to  roduca  tho  intensity  of  thawing  of  slopes  in  cuts.  Thin 
is  achieved  by  .  evoring  the  slopes  with  peat  or  moss.  In  addition  i.t  is 
essential  to  install  drainage  ditchca  in  order  to  eolloct  Uio  water  in  one 
place  from  which  it  could  l>o  removed  by  oiw  meena  or  anoUtsr.  Figure  1£2 
shonr  nirm*r  cxr.vation  opera. ions  with  crowbars,  picks,  and  shovels  in  a 
muddy  cut  aiong  the  Amur  Hr.il -lad.  The  slopes  of  the  cut  slipped  extensivoly 
in  spite  of  sharing  with  posts  and  heavy  planks.  Tito  track  for  small  core,, 
'lend  otf.ir  le.ut'  and  logs,  settled  and  deformed.  « 

t>  •  tVtfi.-d  2 

_  l-lasnng  operat  I'hir  in  frozen  ground  ,aro  less  effective  than  in 

normal  thawed  ground.  tecavsQ  i rosen  .’rdund  is  highly^ piastiv.  ^ficWTex^rv  tnie; 


rethori  is  most  advantageous  with  respect  to  rapid  loosening  of  large  quan¬ 
tities  of  ground,  which  constitutes  a  requirement  when  the  excavation  opera¬ 
tions  are  mechanized.  Blasting  doeB  not  affect  the  natural  permafrost  regime. 
Therefore,  this  method  is  preferred  when  it  is  desired  to  conserve  the 
remaining  permafrost  after  the  required  volume  haa  been  removed.  According 
to  available  information,  ansnonal  is  more  effective  than  dynamite  because 
it  locaana  the  ground  more  thoroughly.  Ordinary  blasting  powder  is  unsuit¬ 
able  for  tieo  in  frozon  ground  because  small  charges  accomplish  little  and 
largo  chargoa  blast  the  ground  into  very  largo  chunks  which  are  iii&pornnd 
ovor  a  large  area.  A  large  number  of  simultaneous  blasts  is  advantageous 
bocaucu  it  haa  the  maximum  pulverizing  effect. 

Blaet  holes  are  drilled  in  tho  usual  manner.  Manual  drilling  in 
frozen  ground  presents  certain  difficulty  because  frozen  ground  is  oxtromoly 
firm.  heroforo,  it  ie  advisable  to  use  pneumatic  toolB.  Those  tools  accel¬ 
erate  the  operations.  Since  frozen  ground  is  quite  hard,  it  is  advisable  to 
use  dri.ln  of  high-grade  steel,  such  as  Swedish  stool  or  "Pobodit,'1  or  other 
particularly  hard  alloya.  fte  blast  holes  are  generally  arranged  as  in  the 
case  o.‘  rock  blasting. 

If  the  work  is  conducted  In  the  winter,  it  Is  advisable  to  insulate 
the  air  linen  lending  from  the  compressor  to  tho  drillB.  T&  provont  freezing 
of  the  water  condensing  in  the  air  lines  during  interruptions  in  .drilling 
operations,  it  is  necessary  to  drain  tyiio  water  and  to  blow  out  the'dinen  at 
regular  intervals. 

Jftt e  blasted  material  is  best  removed  by  a  power  shovol  or  drag¬ 
line  excavator.  The  material  can  bo  hauled  away  by  any  bobjib  desired  IX  the 
work  is  proceeding  during  the  winter.  -  r  — 

As  in  the  previous  case,  considerable  difficulties  arise  during 
eumftar  operations  in  supersaturated  ground,  particularly  if,  it  consists  of 
ellt  because  the  exposed  permafrost  surface  thaws  ar.d  the  sides  slide. 

Thawing  of  the  elopes  can  be  retarded  by  using  a  tojqxjrary  protective  cover 
of  insulating  material  on  the  slopes.  Ibis  cover  may  consist  of  boss, 
p«iat,  straw,  or  brushwood,  and  should  be  5?0  30  cm  thick.  The 
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water  accumulating  in  a  cut  or  excavation  should  be  imnodiately  removed  by 
diversion  or  pumping. 

c.  fethod  3 

The  use  of  natural  heat  for  thawing  frozen  ground  ip  feasible  only 
during  a  feyr  oumner  months,  approximately  from  liay  or  Juno  to  September  or 
October,  depending  updn  the  region.  This  method  ie  applicablo  only  If  the 
area  Jnv«lvod  ie  oxtensive  and  the  required  depth  of  thawing,,  is  net  great. 

This  nethod  operates  as  follows.  The  entire  area  io  divided  into 
two  or  tld-eo  coctions.  The  thawed  top  layer  ia  successively  removed  from 
each  section  and  the  permafrost  eurface  is  exposed,  The  air  warmth  and 
mlar  heat  net  on  the  exposed  permafrost  surface  and  thaw  it.  Ab  coon  an  n 
layer  of  20  or  }0  cm  thawa  out  at  too  first  section,  this  layer  ia  removed 
and  the  underlying  layer  lo  given  a  chance  to  thaw.  The  work  proceedo 
ciisauutively  in  each  section,  so  that  rtsaoval  of  the  ground  proceeds  in 
*  no  section  while  the  second  section  Is  thawing  out. 

Vi 

The  main  disadvantage  of  this  method  is  its  slowness.  Thawing 
proceeds  slowly,  particularly  if  the  ground  is  supersaturated.  The 
intensity  of  thawing  uependo  largely  upon  the  temperature  of  t!»e  air,  the 
cer.goGitiot!  of  the  ground,  thn  m  'isture  content  of  the  ground,  exposure  of 
the  area  to  the  cun,  etc.  Thawing  ueua^y  proceeds  at  the  rote  of  approx¬ 
imately  cm  p_r  week  in the  case  of  ordinary  supersaturated  permafrost 
consisting  of  silt  Ttoe  rata  of  thawing  is  more  rapid  In  the  csco  of  sandy 
r.’und. 

The  thawed  ground  usually  become  liquid*  so  that  work  must  proceed 
in  mud.  Special  plank  roadways  hove  to  be  installed  to  facilitate  passage 
of  dump  carts.  Often  It  ia  impossible  to  remove  the  ground  with  shovels, 
and  it  is  necessary  tu  use  buekotB.  The  walls  of  excavations  and  the  elopes 
of  cute  slide  whan  thawed.  8inee  &h<Tinp  is  difficult,  this  sliding  in* 
volvas  excessive  removal  of  ground  even  if  special  measures  are  taken  to 
retard  thawing  of  the  walls  and  elopes.  However,  this  rethod  is  quite 
suitable  for  sandy  or  gravel lyiround,  particularly  if  this  ground  is  not 
excessively  wet,,  that  is,  if  the  moisture  content  does  hot  exceed  30  to  hO 
per  cent,  as  sell  as  in  tho  case  whan  th*  work  -t-h-diilebis  re!atxme£y — 


unrestricted  with  respect  to  time  and  the  area  involved  is  large. 

It  is  rational  to  use  t'-e  method  of  thawii  g  with  natural,  hoat  in 
conjunction  with  hydraulic  dredging.  The  letter  method  is  applicable  only 
when  conditions  are  suitable,  primarily  when  it  is  feasible  to  romovo  tho 
mixture  of  water  and  ground  rapidly  and  readily  by  gravity  flow  to  a  place 
where^accurmlatton  of  this  water  would  have  no  harmful  offset  on  the  local 
permafrost  conditions.  Under  favorable  conditions,  the  combined  method  of 
hydraulic  dredging  and  natural  thawing  is  economical  vlth  respect  to  both 
time 'and  labor.  Sines  this  work  must  be  conducted  during  tha  aunr.or,  tho 
req'.ired  equipment  does  not  differ  from  that  .cod  in  similar  operations 
under  ordinary  conditions. 

d.  Mathod  It 

This  method  involved  thawing  of  tho  permafrost  by  moans  of  the 
heat  of  bonfires  arranged  on  the  permafrost  surface.  The  procedure  io  at. 
follows.  'The  thawed  layer  overlying  the  permafrost  is  removed,  and  fires 
are  built  directly  on  the  exposed  permafrost  surface.  The  heat  from  these 
fires  thaws  the  permafrost.  Usually  the  fires  are  mu do  in  tho  evening 
and  maintained  throughout  the  night.  Dy  morning  the  ground  thaws  to  a 
dopth  of  20  to  50  cm.  The  thawed  layer  is  removed  during  the  day,  and  a 
new  fire  is  built  in  the  evening.  Figure  1?3  shows  the  arrangement  of  an 
initial  bonrire  along  the  Amur  Railroad  for  the  excavation  of  a  cut  in  May. 
The  fire  has  Just  been  started.  In  the  background  ie  a  fire  which  has 
already  burned  out,  so  that  removal  and  haulinr  of  the  ground  is  in  pro¬ 
gress. 

According  to  Passek  [25],  bonfires  for  excavations  are  of  t 
types.  The  first  type  is  used  in  all  cases  except  whan  the  ground  con¬ 
sists  of  clay.  First,  two  logs  are  placed  irectly  on  the  ground  as 
shown  in  Fig.  15ii.  These  are  the  base  logs.  The  space  between  theca 
logs  is  filled  with  kindling  (chips  or  deads  cod),  and  firewood  is  placed 
on  and  normal  to  t!«  base  logs.  The  quantity  of  firdwood  depends  upon  the 
required  depth  of  thawing  and  varies  from  two  lnjers  to  a  layer  la 
thick.  Larch  cr  birch  is  preferred.  “  This  type  of  t  nnfiro  is  not  effective 
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in  the  case  r‘£  frozen  day  bacnuee  it  causes  thawing ..cnly  to  a_ depth  of 

X 

20  cm.  Therefore,  another  typo  of  bonfire  is  used.  It  consists  nf  a  bon- 
fire  built  of  wood  piled  1  a  high,  as  shown  In  FI g.  155-  ‘‘hen  the  bonfire 
IB  well  'under  wry,  it  io  covored  with  a  layer  of  manure  about  '0  cm  thick 
and  topped  with  &  layer  of  Bnow.  The  fixe  is  permitted  to  smolder  for  about 
j6  hr,  while  snow  is  added  in  places  where  it  has  thawed’. 

If  tho  ground  is  excessively  water  tearing,  it  is  noconnary  to 
prevent  the  /'round  water  frcm  extinguishing  ilio  lira  in  tho  pit.  'or  thlo 
-urpose,  a  part  of  is  pit  is  excavated  deeper,  while  the  bonfire'  is 
arranged  on  the  olovatad  part.  The  water  accumulntod  in  the  depronoion 
iB  inrnediatoly  removed  by  pumping  or  bailing.  If  the  freezing  method  ib 
need  to  deepen  the  excavation,  the  water  should  not  be  allowed  to  remain  in 
the  pit. 

After  the  fire  has  burned  out,  tho  thawed  ground  is  removed  by 
methods  depending  on  tho  moisture  content  of  the  ground.  If  the  V>nifiro  is 
arranged  in  n  [it  excavntod  by  fflsane  of  tho  freezing  method,  the  thawed 
gm-unil  mu  at  bo  removed  immediately  after  it  has  thawed.  Tho  thawed  ground 
should  not  remain  in  place  overnight,  because  it  may  heat  the  entire  frozen 
mass  of  ground  and  thereby  cnvse  flooding  of  the  excavation  by  external  - 
.a ter.  For  the  came  reason,  it  is  inadvisable  to  deposit  tho  warm,  ex¬ 
cavated  ground  in  the  iir>*ediate  vicinity  of  tho  pit.  This  material  should 
be  deposited  a  reasonable  distance  from  the  pit. 

The  wollo  of  pits  in  which  bonf ires  are  made  should  bo  protected 
by  wooden  shields  suspended  fi-otr,  stakes  driven  into  thd  ground,  as  shown 
in  Fig.  1?6.  Ii'  unprotected,  tho  walls  mirht  thaw  excessively  and  elide. 

Tlse  shields  are  made  <»f  planks,  and  tie  bottom  of  the  shield  should  be 
.’>0  to  50  era  above  the  bonfire. 

the  advantage  of  the  method  of  thawir.g  ground  by  fire  consiste 
of  the  fact  that  this  method  can  be  applied  during  the  winter,  eo  that 
thi 8  method  can  be  used  in  conjunction  with  the  free sing  method.  The 
following  quantities  of  firewood  (depending  upon  quality)  or  coal  are  re¬ 
quired  for  thawing  pr’und  containing  60  to  ?0  per  cent  water! 

.  (if  0.7  to  0.9  cu  a  df  wood  >r  130  "te  150  kg  »»f  coal  per  cu  m  of 
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-  loamy  ground,  % 

(2)  O.J*  to  0.6  cu  m  of  wood  or  BO  to  100  kg  of  coal  per  cu  m 
of  candy  ground, 

e.  11a  til  od  5 


The  design  and  operation  nf  steam  points  have  been  discussed 
previously.  Thawing  of  the  permafrost  by  means  of  steam  points  is  most 
advantageous  and,  accordingly,  ie  a  highly  recommended  mothod,  This 
method  makes  work  simpler  and  easier  and  accelerates  the  thawing  process. 
Operational  costs  are  not  high.  This  method  has  a  certain  diendvontaj e 
due  to  the  fact  that  a  considerable  quantity  oi  water  is  introduced  into 
the  pround.  However,  this  is  not  always  a  matter  of  importance.  Moreover, 
the  water  can  be  removed  (Chapter  IV*iA),  Excavation  of  ground  thawed  by 
steam  points  is  conducted  in  the  same  way  as  in  the  case  of  ordinar,.  thaw- 
ed  ground.  Uaximal  utilisation  of  mechanical  equipment  1b  recommended. 


2.  Special  Instructions  Regarding  Construction  of  Fills 


The  best  time  for  construction  of  earth  fills  in  penmlrost 
regions  is  during  July  and  August,  that  is,  when  the  active  layer  haB 
thawed  to  a  considerable  depth.  If  it  is  necessary  to  conserve  the  perma¬ 
frost  beneath  the  fill,  work  should  begin  as  early  in  the  season  as 
possible.  Fills  consist- ng  of  well-draining  material  and  located  on  re¬ 
latively  dry  ground  comprising  Band  and  gravel  may  be  constructed  during 
any  season  of  the  year.  If  constructed  in  Has  winter,  the  frozen  ground 
may  be  used  provided  it  is  broken  up  into  email  pieces  measuring  2%  to 
3h  cm. 


If  need  arises,  fills  may  be  made  of  frozen,  wet  earth  materials 
or  even  silt,  provided  a  special  base  of  well-draining  material  is  pre¬ 
pared  and  the  following  special  bo a sure s  are  taken.  Frozen  earth  material 
should  be  broken  into  fragments  measuring  5  cm  in  diameter.  The  fragmented 
frozen  ground  should  be  deposited  in  layers  not^thicker  than  1*0  cm  each, 
compacting  each  layer  by  rolling  Or  some  other  means.  Every  secor/J  layer  - 
of  frozen  ground  should  be.  topped  with  a  bO-ca  layer  of  well-draining 
tn.-.terial  such  as  coarse  or  radium  sand,  gravel,  or  fine  stone.  The  surface 


oi'  each  double  layer  of  frozen  ground  chould  have  a  slight  outward  elope 

(Kig.  157). 

Khrineer  Kovalev  used  this  method  in  erecting  fills  of  frozen 
ground  during  the  winter.  The  fill  was  h  m  hifdi  and  designed  to  aceownodnte 
three  tracks.  The  frozen  ground  consisted  of  .syporsntureted  loam,  containing 
oo'arnn  gravel.  A  safety  factor  of  35  par  cent  was  allowed  for  oottling  of 
the  fill.  The  frozen  material  consisted  of  excavated  ehunko  and  was  depos¬ 
ited  in  lo,.ej  o  of  approximately  ho  cm  each.  The  spaces  between  the  chunks 
tie re  filled  with  finer  material.  A  layer  of  ballast,  20  to  3d  cm  thick, 
won  placed  top  of  each  layer  of  frozen  ground  until  the  fill  war  completed. 
The  material  was  transported  in  dump  carts  drawn  by  horroa.  Kovalev  main¬ 
tain;;  that  the  frozen  ground  should  be  fragmented  if  time  dceo  not  permit 
letting  the  fill  stand  and  thaw  out.  Hie  experience  indicates  that  frag¬ 
mentation  lf>  not  essential  if  the  time  element  is  not  a  factor.  During  the 
summer  tho  fill  settled  about  1*2  per  cent  and  the  settling  was  not  uniform, 
liowevor,  the  fill  dried  during  that  tire  and  nae  in  good  chape, 

Kovalev  also  built  a  fill  of  frozen  ground  during  tho  summer, 
ihe  fill  was  d,6  m  high  and  consisted  of  loot  containing  coarse  gravel. 

It  was  1.2  ka  long.  The  frozen  ground  was  deposited  in  thin  layers,  10 
to  .30  cm  thick,  which  thawed  rapidly  in  the  sun.  Since  the  profile  of  the 
fill  had  steep  slopes,  the  thawed  material  tended  to  slide  but  soon  dried 
and  farmed  n  stable  mass. 

In  preparing  a  base  for low  fills  (up  to  3  a  high),  it  is  neces¬ 
sary  to  remove  the  grass  or  moss  cover  from  the  jo’ound  surface  within  the 
base  area.  The  peat  occurring  beneath  tha  layer  of  moss  should  be  removed 
only  to  a  depth  of  1  m.  In  the  case  of  a  fill  exceeding  3  a  in  height,  it 
is  not  necessary  to  remove  the  grass  or  moss  cover  and  the  underlying  peat. 

The  Compaction  of  a  thawed  peat  layer  may  be  taken  as  5 0  to  70  per  cant  of 
lie  original  thickness, 

tochanical  compaction  of  fills  with  steam  or  Diesel  rollers  is 
generally  advisable  and  is  escential  in  the  case  of  silt  loam.  The  iiU 
material  should  to  deposited  in  strictly  level  layers  of  about  30  cm  each. 

It  is  advisable: to  dividav the  area  involved  in  three  sreti  ons  $5G  wiw i 
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the  gnund  is  deposited  and  leveled  or.  cr.e  section,  the  second  section  ig 
drying  ar:d  the  relatively  dry  ground  on  the  third  suction  is  rolled. 

3.  Special  Instructions  Regarding  Ccnstruction  oi'  Cuts 

Summer  excavation  operation®  in  permafrost  ccrprising  pebble®, 
gravel,  nnd  sand  is  not  particularly  difficult  if  adequate  drainage  is 
provided.  It  is  difficult  to  excavate  thi3  ground,  however,  when  it  is 
frozen.  Therfore,  it  is  preferable  to  cam  out  these  operations  during 
the  summer,  utilizing  the  warmth  of  the  air  to  thaw  the  ground  or,  if  tine 
does  not  permit,  utilizing  explosives. 

During  excavation  of  cuts  it  is  essential  to  facilitate  un¬ 
interrupted  drainage  of  the  water  by  installing  ditcheB  having  a  grade  not 
snallor  than  0.003.  The  dimensions  and  location  of  the  ditchos  depend  on 
local  conditions.  The  work  should  proceed  consecutively  at  a  number  of 
points  and  along  the  entire  width  of  the  cut,  including  the  slopes.  Upon 
completion  of  the  slopes,  they  should  be  covered  with  a  temporary  layer  of 
peat  0.25  to  0.30  m  thick  or  a  layer  of  moss  0.20  to  0.30  m  thick  in  order 
to  avoid  inflowef  excess  water  from  the  elopes  and  to  retard  thawing  of 
the  elopes. 

It  is  advisable  to  use  expletives  for  winter  excavation  of  well- 
draining  ground.  Use  of  a  power  shovel  on  chain  treads  and  dump  trucks  or 
tractor  trailers  is  recommended,  respectively,  lor  loading  and  hauling 
away  the  blasted  ground. 

Either  manner  or  winter  excavation  operations  are  leasable  in 
the  Case  of  poraa frozen  loan  and  sandy  16am  which  are  not  excessively  wet 
and  turn  into  a  plastic  tease  of  dough-like  consistency.  During  summer  ex¬ 
cavation  of  nueh  ground,  it  is-eseenfcial  to  avoid  direct  effects  of  ex¬ 
ternal  load^sn  t!ie  ground  surface  (movement  of  worlaaen,  horses,  equipnont) 
because  the  ground  tends  to  become  excessively  sticky  ami  tacky.  It  is 
advisable  to  use  a  dragline  or,  if  necessary,  manual  operation,  utilizing 
dump  cars.  The  ties  beneath  the  dump-car  tracks  should  rest  not  directly 
on  the  ground  but  on  longitudinal  logs  (three  or  four)  in  order  to  dis¬ 
tribute  the 'load  on  a  large  area.  Power  snoveic  r,iy  be  uaed  during  w  .nter_..__ 


operations.  Loosening  of  the  ground  can  be  accomplished  by  means  of  wedges, 
explosives  (preferably),  or  bonfires. 

If  bonfires  are  used,  it  is  necessary  to  prepare  a  narrow  trench 
with  vertical  walls.  The  initial  width  and  depth  of  the  trench  should  hi? 

1  ra  and  0.5  m,  respectively.  Subsequently,  in  order  to  facilitate  the 
operation,  the  bonfiros  should  be  arranged  on  the  bottom  of  the  trench  near 
the  wall  and  the  excavation  should  be  gradually  widened  as  it  in  deepened. 

In  t.he  case  of  excessively  wet  fine-textured  material  which  tondo  to  become 
relatively  liquid  when  thawed,  it  is  advisable  to  conduct  excavation 
operations  during  the  winter  Lf  it  is  not  feasible  to  avoid  cuts  in  such  a 
ground  oven  when  the  route  is  relocated.  The  drains  In  the  slopes  and  the 
deep  drainagfti  ditches,  designed  in  accordance  with  Fig.  115>  should  also  be 
installed  in  the  winter. 

Ground  of  this  type  may  be  oxcavated  with  picks,  crowbars, v or 
explosives.  Blasting  with  ammonal  is  the  Lost  method.  Thawing  oF  supefr- 
saturated  ground  by  bonfires  is  not  rocommendod  because  the  excessive 
moisture  interferes  with  proper  functioning  of  the  fires  whllo  the  thawed 
ground,  transformed  into  a  liquid,  necessitates  removal  with  scoops  and 
makes  traffic  on  its  surface  difficult. 

In  addition  to  the  methods  already  discussed,  the  hydraulic 
method  cf  excavating  cuts  in  frozon  ground  is  advantageous  when  the  con¬ 
dition^  facilitating  the  use  of  the  method  are  available. 

In  hll  cases  of  summer  excavation  of  cuts  in  frozen  ground,  the 
elopes  should  bo  covered  with  a  temporary  layer  of  moss  or  peat,  20  to  30  cm 
thick,  in  order  to  retard  thawing.  Pinal  reinforcement  of  the  slopes  of 
cut3  oxravated  during  either  summer  or  winter  should  be  carried  out  during 
the  following  autumn  because  the  slopes  would  dry  and  acquire  relative  sta¬ 
bility  during  the  intervening  season  [29,  page  196].* 

CHAPTER  VI  " 

-  CONSIDERATION  REGARDING  OPERATION  OF  STRDC’T’HES  ON  PERMAFROST 
A.  Special  Comments 

*  This  reference  contains  additional  information  about  excavation  of  cuts 


The  preceding  analyses  and  discussions  make  it  clear  that  the 
safoty  of  many  type  3  of  structures  in  toe  permafrost  region  do  pond  a  to 
extent  upon  a  number  oi'  special  measures  which  are  takon  ir:  order  to  pr 
corve  and  create  the  particular  situations  and  conditions  undor  v/hloil  l 
occurrence  of  phenomena  peculiar  to  thin  zone  would  have  Ul'o  least  barn 
of.foct  on  the  structures.  Ho'wovor,  tho  equilibrium  established  in  this 
way  is  relatively  unstable  and  can  readily  bo  diciurbod,  th  tho  resu] 
tiiat  most  of  these  measures  would  become  usoleas,  the  conditions  Would 
chance,  and  the  structure  would  bo  endan rerod. 

Evidently,  Doth  proper  selection  of  a  construction  rite  am!  f 
able  methods  of  design  and  construction  often  are  insufficient  bocause 
eubcoquently,  in  the  course  of  tirno  during  which  tho  structure  is  oxpec 
to  function,  a  change  may  occur  in  the  factors  and  conditions  which  dot 
tho  desienaand  construction  of  the  riven  structure.  Undor  certain  cond 
tions,  thic  change  may  affect  tho  safoty  of  the  structure.  Accordingly 
tho  completed  and  suimitted  structure  -should  bo  under  constant  and  care 
obaorvation,  and  itc  operation  must  bo  in  strict  accord  with  tlie  local 
conditions  upon  which  the  design  and  construction  waro  baBod.  Thus,  th 
safoty  aspect  is  involved  not  only  in  tho  surveys,  design,  and  construe 
but  ie  essential  during  tho  entire  existence  of  tho  given  structure.  1 
is,  t-hio  aspect  should  bo  the  concern  of  tho  jKim  ons  operating  tho  stn. 
turo  ns  woj.l  as  of  the  construction  engineers. 

It  is  possible  to  site  many  instances  ifpwhich  structures  th* 
wore  relatively  correctly  deaimed  and  constructed  logon  to  deform  locc 
of  impropor  operation,  without  uue  consideration  of  the  local  jxjcularit 
and  the  dosirn  factors  and  conditions.  Accordingly,  as  soon  as  a  strut 
id'  being  utilized,  it  is  necessary  to  keep  it  under  observation  while 
taking  all  tho  stops  necessary  to  assure  and  facilitate  maintenance  of 
factors  and  conditions  upon  which  the  design  was  eased,  for  this  purge 
when  a  structure  is  submitted  to  the  operating  organ! ration,  it  is  ease 
to  submit  also  tho  detailed  design  and  cbnstiructior.  data  which  charu:lc 
the  giver,  locality,  the  construction  area,  and  the  structure  itself,  u 
which  include  all  tho  special  measures  taken  to  assure  the  safety  of  ti 
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structure  under  the  given  conditions.  Tine  operating  organization  should 
utilize  those  data  to  ost.obl  ish  a  corresponding  regime 'of  maintenance  and 
operation. 

T!iq  preceding  statements  ref  or  to  all  types  of  . structures,  in¬ 
cluding  buildings,  bridges,  fills,  dans,  cuts,  etc.  In  thvs  connection, 
the  OST  ihmual  Ho.  90032-39  offers  the  following  ins  true  tit 'no,  based  on 
the  particular  inport^nco  of  proper  operation  and  maintenance  •  f  structures 
in  tho  pormafruet  rag  ion. 


OST  NO.  50032-39 
VII.  Uir.m'ASCB  OF  STRUCTURES 

39.  When  structures  aro  orocted  r>r.  permafrost,  it  1b  asBentiei  to  take 
instrument  readings  of  tha  deformation  both  during  construction  and  during 
tho  first  years  ol  operation.  Those  observatjono  are  carried  out  in  accord¬ 
ance  with  a  special  schedule  attached  to  the  piano  and  modified  in  the 
o our co  of  construction.  Thoso  observations  are  compulsory  in  the  case  of 
E9cond-cla80  structures  and  in  the  case  of  major  and  typical  structures  of 
the  third  class.  In  newly  developed  permafrost  areas,  this  procedure  is 
advisable  ovon  in  the  case  of  temporary  structures. 

1*0.  When  a  structure  is  completed  and  submitted,  the  operating  organ¬ 
ization  •hould  request  and  tho  construction  firm  should  submit  the  data 
collactod  during  the  surveys  and  investigations  of  the  construction  site. 

The  deed  should  contain  a  note  regarding  the  transfer  of  these  data.  Tho 
following  supplementary  material  pertaining  to  tho  construction  site  should 
bo  included!  gvdiony,  hydrogeology,  permafrost  regime,  physical  and 
mechanical  properties  of  tho  ground,  chemical  proportion  of  the  ground  water, 
lead  tests,  etc. 

B.  Instructions  ard  Considerations  Regarding  Proper  Operation  of  Structures 

TW ’operation  of  any  structure  erected  on  permafrost  should  be  in 

complete  accord  with  the  construe tiu.  method  involved  (Chapter  IV,A).  Ail 

the  measures  incorporated  in  tho  plan  for  the  purpose  of  improving  tlie 

effectiveness  of  tag  structure  should  bo  mainta ined  and  devolopea.  Unis, 

in  tho  case  of  a  structure  oroctod  ih  accordance  with  method  A,  that  is,  on 

thu  principle  of  conservation  of  the  permafrost  at  tho  base,  tho  upper,  p^naa- 
\  .  -  i  :  .  .. 

frost  limit  should  le  checked  two  or  three  tines  each  year  during  operation 

of  thu  structure --in  the  spring,  in  the  summer,  and  at  Ute  beginning  of  the 

first  frosts.  The  results  of  those  observations  should  be  recorded  so  that 

the  behavior  of  Inc  permafrost  c^uld  be  traced.  -  ..  -  •/ 


Ventilated  air  spaces  beneath  heated  buildings  should  bo  opened  for 
tiia  winter  and  closed  during  the  summer.  At  any  rate,  they  should  be 
utilized  for  regulating  the  state  of  the  permafrost.  In  some  cases  it  may 
be  unnecessary  to  open  these  apaces  during  the  'winter,  at  loaBt  durinr 
extreme  cold,  as  in  the  case  of  the  previously  mentioned  house  at 
Skovorodino, 

The  major  contributing  factor  to  instability  of  the  permafrost 
layer  1b  rater  with  its  high  heat  content.  Therefore,  special  care  1b 
required  to  prevent  seepage  of  atmospheric  or  industrial  water  Into  the 
pround  near  and  beneath  the  building.  For  this  purpose,  all  water 
diversion  and  drainage  facilities,  as  well  as  the  installations  designed 
to  prevent  seepage  of  wator  into  the  ground,  should  be  kept  in  good  order 
and  regularly  repaired.  To  facilitate  transfer  of  cold  to  the  ground,  it 
is  advicahln  in  some  cases  to  remove  the  snow,  hear  a  building  during- the 
winter  because  snow  covor  heats  the  ground  and  prevents  the  transfer  of 
cold  to  the  ground. 

backfill  and  cushions  beneath  and  near  a  building,  as  well  as 
t-)»  vegetation,  should  be  maintained  in  the  some  condition  as  that  speci¬ 
fied  in  the  construction  plan.  In  tho  case  of  alteration^  of  functional 
changes  in  a  buildinr,  consideration  must  be  given  to  its  design  and  to  the 
measures  taken  during  construction,  so  as  to  avoid  disturbing  tin  con¬ 
ditions  determining  tho  safety  of  the  structure. 

Direct  local  heating  of  walls  or  foundations  by  installations 
such  as  furnaces,  forges,  or  steam  pipes  is  not  allowed  excopt  at  points 
specified  in  tho  original  plans.  Similarly,  in  the  case  of  a  completed 
building  erected  on  the  principle  of  permafrost  conservatin,  neither 
utilisation  of  the  ventilated  air  space  for  any  purposo  whatever  nor 
digging  of  cellars,  wells,  or  pits  is  allowed  because  the so  procedures 
would  co use  thawing  of  the  permafrost.  Large  quantities  of  hot  slog, 
cinders,  manure,  or  other  waste  should  not  be  deposited  near  buildingB, 

If  a  given  construction  method  has  been  used  to  erect  an  existing 
r  tructuro,  the  safot  -  of  this  structure  would  bo  endangered  if  different 
construction  methods  are  used  in  erecting  nearby  structures. 


Proper  re  pirn*.-  of  .-perHtioii'  and  observation  o i  defornationa  is 
required  ai.sc  ii*  the  case  of  erected  ey  th°  active  constriction 

method.  In  this  be  so,-  ah  iii  ino'  yreoouii:;*  instanco,  nil  special"  installa¬ 
tions  specified  in  ten  plan  and  carried  out  during  construct ■: <•),  should  ue 
properly  m:^  rite  mod  j.i  order  to  retard  ‘thawing  of  the  permafrost  and  thus' 

:  reduce  the  magnitude  ai.d  nun-uniformity  of  settlin,!.  If  fottllr  •  occurs,  it 
is,,  nocoaeary  to  apply  the  bpaciflcd  mean-ures  ,to  eliminate  its  ’  v sequences, 
utilizing  at  t.:.u  rifu-t  ti.i.o  the  devices  fcrmeruTatinfr  the  elovr.uiOn  of 
variour  structural  ulomontu.  Thoco  devices  include  Llocxu,  wedgoc,  rtc, 

Jr.stallntj  ns  dcsimed  to  prevent  heaving,  as  well  an  other 
protective  'natan ations,  ronuj re  definite  maintenance.  Such  maintenance 
primarily  involves  keeping  all  installations  in  working  order  and  u re  of 
timoly  repairs.  T.-.e  extent  of  swelling  depends  primarily  on  the  rate  of 
inflow  of  water.  Therefore,  it  ic  essential  to  provent  ovary  typo  oi  hack- 
fill  from  becoming  saturated  vr*th  water,  bo  that  the  backfill  would  not 
swoll.  Tea  water  which  can  l>e  divortod  should  bo  provontod  from  seeping  ^ 
into  the  groom  near  the  structure.  Whonovor  fenBiblc,  it  ir  essential  to 
prevent  the  ground  water  from  leaching  tho  ground  in  the  vinicity  of  tho 
building  Xt  is  perhaps  mlvir.r.Jo  m  eomo  cases  to  recondition  nonswullinR 
lackfille  by  partial  replacing  of  the  fill  male rial  with  new  material  at 
regular  intervals  or  t>y  perieei  *  soaking  ;  *nO  backfills  with  oil  waste  ur 
naphtha. 

Certain  miir.Uinanca  is  required  also  in  tho  case  of  rood  structures 
such  ns  filter  dons,  culverts,  trestlos.  and  bridros  erected  on  timber  or 
ensoj  ry  supports.  In  tho  case  of  filter  dams,  it  is  essential  to  make  suro 
that  any  water  which  may  have  accumulated  upstream  during  fau  autumn  would 
not  to  i  io’ke,i  off  and  remain  there  to  l'reeae  d urine  the  first  froBts.  If 
such  freezing '  oraurr,  the  dam  raid  not  function  the  follow inr  spring.  In 
addition,  the  installations  deci-nsd  to  prevent  silting  of  the  dams  should 
bo  properly  maintained.  In  *!.<•  nco  of  any  road  structure,  including  fills, 
constructed  on  *ho  pri?  cipis*  of  Conserving  the  permafrost  at  tiio  baso  of 
the  structure,  it  is  essential  U  prevent  any  protracted  accumulation  of 
water  -near  the  structure  in  order  to  conserve  tie  permafrost.  &ator  has  a 
hi‘»:i  heat  r  ntent,,  Tt-vrefore ,  when  water  accumulates  near  a  structure,  it 
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may  readily  cause  deep  thawing  of  the  permafrost  and  deformation  of  the 
structure.  ' Accordingly,  it  is  essential  to  facilitate  free  flow  of  the  water. 
Accidental  causes  of  water  accumulation  should  he  eliminated  .as  rapidly  ag 
possible.  Therefore,  drainage  installations  should  he  kept  in  perfect 
order.  Ditches,  culverts,  and  similar  drainage  facilities  should  he  regu¬ 
larly  claanod  and  their  design  grades  should  he  maintained,  so  that  n d  stag¬ 
nation  water  would  occur.  - 

Erection  of  a  stricture  may  result  in  swampiness  of  individual 
areas  in  some  cases.  This  should  he  avoided,,  using  appropriate  measures, 
if  the  excessive  moisture  in  the  ground  would  tend  to  cause  percolation 
of  water  into  the  swelling  ground  near  the  structure.  In  other  cases, 
swampiness  may  facilitate  rising  of  the  upper  permafrost  limit. 

When  fills  are  erected  on  frozen  ground,  it  is  essential  to  avoid 
flooding  of  the  barrow  pits  and  accumulation  of  water  in  them.  Water  in 
the  pits  nay  cause  deep  thawing  of  the  permafrost.  As  noted  in  Chapter  TV,b 
frost,  bolts  designed  to  check  the  progress  of  Icings  and  to  reduce  the  mois¬ 
ture  In  the  active  layer  retire  special  maintenance.  "Seasonal"  frost 
hr Its,  consisting  of  a  strip  of  ground  free  of  snow  and  a  snow  dike  on  tho 
downhill  side,  require  regular  removal  of  the  snow  after  every  snowfall. 
According  to  Chckotlllo,  permanent  front  belts  in  the  form  of  ditches 
cengo  Tunc* lining  of tor  three  to  four  years  If  improperly  maintained. 
Haintonancv  of  such  a  ditch  consists  of  covering  the  bottom  of  the  ditch 
with  a  layer  of  moss  or  peat  in  order  to  prevent  deep  summer  thawing  of  the 
ground  beneath  the  bottom  of  the  ditch.  This  insulating  layer  should  be 
removed  for  tho  winter  in  order  to  facilitate  rapid  and  intensive  freezing 
of  the  ground  beneath  the  bottom  of  the  ditch.  In  addition,  permanent  frost 
belts  should  be  freed  of  snow  after  ovary  snowfall  in  order  to  intensify 
freezing  of  the  ground.  Snow  removal  should  end  in  February  because  it  is 
no  longer  necessary'.  Experience  has  demonstrated  that  ground,  frost  ’'eltc 
function  faultlessly  if  they  are  properly  maintained^'  The 'mosB  or  peat 
lay <*r  which  is  removed  for  the  winter  should,  be  saved  and  utilized  during  <■- 
the  following  s'uwer.  It  is  necessary  to  remove  the  snow  also  from  the  wings 
of  the  frost  belts  after  every  snowfall. 

•:L  -To  allow  free  passage  of  the  icing  water  beneath  a  bridge,  the 


installations  for  insulut? nr  stream.  ‘„eds  (Chapter  l'V-E)  should  be  erected 
promptly  at  the  bepinninr  of  each  winter _ and  removed  in  the  sprint:.  "he 
materials  involved  should  be  stored  for  use  during  the  next  year. 

CHAPTER  ?tt 

ASPECTS  OF  ANALYTICAL  A  HD  EXPSRH’BI.'TAL  CWPiiiB 

A.  General-  Isomark* 

Th o  student  of  construction  on  pumafroot  will  find  in  the  rela¬ 
tively  limited  literature  on  this  subject  rany  unclear  passages,  much  un¬ 
certainty,  and  frequently  acknowlodiremen t  that  various  aspects  are  inade¬ 
quately  clarified  Hie  literature  in  this  field  contains  numerous  contradic¬ 
tory  opinions  ol'  persons  who  aro  interested  in  the  practical  aspects  of 
construction  on  permafrost.  '  - 

*  V 

v  Numerous  aspects  of  this  interestirc  ar.d  complex  field  actually 
remain  inadequately  investigated  and  voriiiod,  althourh  t)io  majority  of  theao 
aspects  could  have  been  resolved  lonR  since  by  means  oi'  uniform  experiments 
and  f.rsei vationa  arranged  simultaneously  in  various  ponnafroot  regions.  The 
reason  why  ti..ii<y  practical  problems  of  construction  on  permafrost  have  not 
beon  solved  no  yot  by  means  of  observations  of  adequate  duration  and  by  nearer 
of  an  adequate  rurabor  of  expo r iron to  can  be  attributed  primarily  t.o  the  fact 
that  no  picrtam  or  exact  formulation  of  procedures  has  been  available  and 
becnuwj  the  dispersed  efforts  in  this  field  have  not  beor;  unified  and  prop¬ 
erly  directed, 

Thore  exist  in  "ur  country  the  most  diverse  typos  of  sciontific 
research  Institutions t  the  objectives  of  which  are  strictly  practical— 
to  assist  actual  enterprises  and  to  further  the  development,  improvement, 
and  rirpllficntien  >d  a  riven  industry.  After  extensive  experimentation 
and  research,  then*  institutions  produce  new  doairns,  apparatus,  processes, 
and  methods  which  can  le  utilized  in  ,  ractice  and  are  adopted  in  industry, 
Moreover,  these  developments  arc  well  established  and  verified.  All  thouo 
tecmolofic  il  *nd  industrial  achloverents  aro  the  result  of  a  fairly  lor£ 
process  of  research  in  a  riven  problem  and  do  not  constitute  exclusions 
drawn  from  occasional  or,  in  per. oral ,  accidental  observations  arid. experiments 
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or  research.  Or,  the  contrary,  they  are  always  based  on  numerous  observations 
and  experiments  which  supplement,  complement,  confirm,  or  refute  one  another. 

Such,  is  not  yet  the  case  as  far  as  construction  on'  permafrost  ie 
concerned.  Despite  the  fact  that  certain  problems  were  posed  quite  a  long... 
time  ago,  they  have  not  been  subjected  to  either  systematic  verification 
or  systematic  investigation..  Many  important  aspeotB  of  construction  on 
pennafrost,  some  of  which  could  be  readily  solved,  remain  controversial 
or  were  rather  improperly  solved  because  of  lacx  of  a  theoretical  basis  lL 
and  an  adequate  number  of  indisputable  practical  experiments  and  obser¬ 
vations.  Unfortunately,  a  number  of  problems  have  been  solved,  on  the 
basis  of  isolated  experiments  or  accidental  facts.  Thus,  for  example, 
oven  such  a  problem  as  the  use  of  heated  buildings  with  ventilatad  air 
spaces,  the  solution  of  which  la  presently  regarded  by  many  engineers  as 
quite  satisfactory,  has  been  inadequately  investigated  and  its  solution  ie 
actually  based  only  on  the  data  obtained  f Irani  observations  of  a  single 
wooden  house  at  Skovorodino. 

The  current  solution  of  another  major  problem  that  of  control 
of  icings  by  means  of  frost  belts,  is  basod  on  lo troy's  careful  observations 
and  tosts  conducted  in  the  course  of  wily  one  winter,  and  perhaps  on  some 
indirect  data.  The  magnitude  of  the  heaving  force  on  columns  and  foundations 
still  is  an  open  question  because  Bikov's  solution  (the  1'oreo  is  120  kg  per 
linear  cm  of  the  column  perimetar)  is  applicable  only  to  a  specific  area  at 
Skovorodino,  since  this  solution  is  based  only  on  a  few  experiments  con¬ 
ducted  during  one  winter  and  utilising  the  same  local  ground  of  definite 
texture  and  a  riven  moisture  content. 

It  is  possible  to  list  numerous  other  aspects  in  the  field  of 
construction  on  permafrost  which  are  solved  either  on  tho  basis of  acciden¬ 
tal  data  or  on  assumptions*  Hie  incorrectness  of  this  procedure  needs  no 
proof.  Unfortunately,  absolutely  no  alternative  is  available  at  present. 
Experience  of  previous  years  and  the  work  of  various  former  and-preeent  “ 
institutions  for  experimental  research  demonstrate  that  none  of  these 
institutions  has  found  a  complete  solution  for  certain  problems  of  construc¬ 
tion  on  permafrost.  The  results  achieved  in  Individual  ease9  do  not  measure 


iid 

up  to  the  tasks  involved,  do  not  correspond  to  the  efforts  made,  and  do  not 
entirely  satisfy  actual  requirements.  The  reason  probably  is  that  the 
budget  allotted  for  experimental  research  was  divided  among  variouo  offices 
each  of  which  pursued  its  osn  narrow  objectives.  Consequently,  planning 
has  been  inadequate  and  the  results  frequently  remained  unpublished. 

Numerous  practical  questions  remain  unanswered  dopite  the  enor¬ 
mous  advance  in  the  science  of  permafrost,  in  comparison  with  its  status 
prior  uo  the  revolution;  due  to  the  accomplishments  of  the  Academy  of 
Sciences.  Many  organizations  and  offices  established  permafrost  stations 
in  the  various  permafrost  regions  for,, the  purpose  of  finding  solutions  far 
particular  problems.  These  stations  were  poorly  equipped,  staffed, and 
financed,  and  they  had  improper  guidahee.  Most  of  them  lnsted  only  a  short 
time,  while  others  functioned  intermittently  with  frequent  changeo  in  per¬ 
sonnel,  so  that  many  investigations  wore  started  but  not  completed.  Fre¬ 
quently,  expeditions  were  outfitted  for  the  purpose  of  studying  aspects  of 
construction  on  permafrost.  However,  the  expeditions  usuallyuhad  a  dofinlte 
time  schedule  which  did  not  permit  them  to  do  all  the  necessary  work  because 
it  wra]d  have  required  stationary  installations  and  a  series  of  repeated 
experiments.  With  rare  exceptions,  the  results  obtained  by  such  oxpoditions 
have  not  been  of  major  value  sb  far  as  practical  construction  is  concerned. 

The  practice  or  organized  pormafroBt  stations  is  a  good  one,  text 
such  stations  require  constant  attention  and  care.  Their  work  should 
follow  a  single  plan  and  should  be  under  unified  and  planned  supervision. 

It  seems  obvious  that  clarification  of  all  these  aspects  requires 
aysteffiatic  and  pl.inned  work  of  an  independent  organization  which  would  con¬ 
cern  itself  primarily  with  construction  problems.  The  colossal  size  of  the 
permafrost  area,  which  constitutes  almost  U7  percent  of  tho  entire  ter¬ 
ritory  of  tho  USSR,  and  extensive  construction  in  this  area  require  eetal- 
llshaent  nf  a  special  organisation  for  experimental  research  devoted  solely 
to  problems  of  c  Detraction  on  permafrost.  The  establishment  of  such  an 
organization,  perhaps  in  tho  form  of  a  scientific  research  institute  deal¬ 
ing  with  aspects  of  c< nstrurtion  on  permafrost,  would  make  l4l" feasible  to 
bring  together  the  dispersed  specialists  in  this  field,  to  unify  their 
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activities,  and  to  initiate  planned .and  supervised  practical  studies  of  the 
problems  of  construction  on  permafrost.  This  organization  would  be  equipped 
to  assemble  and  analyze  all  available  materials  and  data.  It  would  be  in  a 
position  to  solve  rapidly  the  urgent  construction  problems  arising  in  actual 
practice,  which  remain  unsolved  because  of  the  absence  of  such  a  special¬ 
ized  organization. 

B,  Cardinal  Construction  Problems  Requiring  Solution 

The  essential  problem  which  ha b  not  boon  satisfactorily  aclvod  oe 
yet  is  ths  magnitude  of  the  heaving  force  on  columns,  piles,  and  foundations 
It  would  be  feasible  to  obtain  an  approximate  solution,  adequate  for  prac¬ 
tical  calculations,  in  tho  course  of  two  or  three  winters  if  a  series  of 
experiments,  indsntical  in  method  and  instrumentation,  were  carried  out  with 
tho  objective  of  determining  the  magnitude  of  the  heaving' force  in  var¬ 
ious  types  of  ground  at  various  permafrost  regions.  Simultaneous  thorough 
tests  to  detensine  the  aspects  of  freezing  of  tho  active  layer  and  tho 
heaving  of  supports  would  yield  more  exact  information  regarding  tho  ad- 
freezing  strength  between  tlje  active  layer  and  the  supports  arid  concerning 
the  thickness  of  tho  active  layer.  This  problem  has  not  boon  oolvod  pri¬ 
marily  because  correct,  sufficiently  ex tonal ve,  and  planned  experiments  have 
not  boon  carried  out  thus  far. 

Experimentation  along  tho bo  lines  should  proceed  in  accordance 
with  the  instructions  presented  in  Chapter  III,B-3b,  utilizing  at  first 
the  instruments  recommended  by  the  Skovorodino  permafrost  station  [30], 
Separate  tests  should  bo  conducted  on  timber  and  concrete  eupportu  lo¬ 
cated  in  various  typos  of  active  layer  overlying  permafrost  occurring  at 
various  depths.  ■  “  ' 

"  0  .  o  l 

The  problem  of  protecting  structures  against  heaving  le  of  equal 
importance.  The  effectiveness  of  nonswelling  backfills  around  foundation 
supports — consisting  of  gravel,  slag,  or  similar  material,  <, e  well  as  the 
advisability  of  soaking  these  materials  with  oil  waste  or  naphtha — has  not 
teen  determined  as  yet.  Many  engineers  contend  that  these  backfills  are 
valueless  and  do  not  reduce  heaving  of  the  supports  because  they  rapidly 
become  silted  and  the  ground  water  rapidly  dilutes  the  oil.  It  is  true 
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that  none  of  the  opponents  of  utilizing  backfills  offers  proof  as  to  where, 
when,  and  under  at  conditions  a  definite  structure  has  been  subject  to 
heaving  deopito  such  a  backfill.  Nevertheless,  this  opinion  persists,  and 
certain  organizations  ceased  using  such  backfills. 

Tsytovich's  laboratory  tests  (Table  IV)  confirm  to  some  extent  the 
fact  that  backfills  undergo  intensive  swelling.  On  the  other  hand,  it  Is 
known  that  backfills  function  excellently  in  the  case  of  mimonji.s  structures . 
The  construction  engineers  who  built  the  old  railroads  (the  Amur,  Trans- 
Baikal,  and  other  railroads)  regarded  backfilling  as  a  highly  satisfactory 
means  for  prevention  of  heaving.  Numerous  articles  in  current  literature 
indicate  that  backfills  often  help  to  safeguard  structures  against  heaving. 
Thus,  all  the  buildings  in  the  region  of  the  Amderma  River,  rest  on  wooden 
posts  passing  through  an  intensely  swelling  active  layer  about  l.J>0  m  thick. 
Sows  of  those  supports  havs  boon  backfilled  with  gravel  and  the  corresponding 
buildings  are  in  good  condition,  while  the  buildings  which  rest  on  posts 
that  have  not.  boon  backfilled  underwent  extensive  heaving. 

.It  is  quito  obvious  that  this  problem  could  be  readily  settled  if 
studies  were  organised  of  existing  structures  at  various  places  and  if  a 
number  of  experiments  were  conducted  under  various  conditions  and  with  vari¬ 
ous  typos  of  backfill.  Observations  conducted  over  a  period  of  several 
years  would  dofinitoly  eliminate  all  doubtful  aspects.  The  Skovorodino 
Station,  which  was  established  several  years  ago,  could  have  long  since 
conclusively  solvod  this  problem. 

It  has  repeatedly  been/ recommended  to  counteract  heaving  of  build¬ 
ing  and  bridge  supports  by  anchoring  the  supports  in  the  permafrost  or  in 
the  ground  beneath  the  aotive  layer.  However,  no  practical  data  are  avail¬ 
able  aa  yet  regarding  the  eases  in  which  anchoring  is  required  and  the 
manner  in  Which  it  should  be  applied.  These  aspects  require  an  adequate 
number  of  «*jq5erim**nt9  which  would  yield  basic  results  that  could  be  applied 
at  least  in  the  most  typical  ^eases.  . 

It  is  equally  essential  to  determine  the  effectiveness  of  inclined 
piles  and  posts  which  do  not  heave  ordinarily,  as  indicated  by  availablo 
observations.  _ _ _  .  _.f  . 


The  use  of  ventilated  air  spaces  beneath  heated  lulld Ir, re  erected 
in  accordance  with  the  principle  of  permafrost  conservation  has  boon  rec¬ 
ommended  previously.  This  recommendation  was  based  on  the  theoretical 
considerations  evolved  by  Taytovioh  and  Sunpir  and  was  substantia tod  by  s 
limited  number  oi'  factual  data.  Unfortunately,  Bikov'a  observations  dis¬ 
prove  the  orderly  theory  of  tha  temperature  regime  in  a  heated  building.  In 
order  to  obtain  a  final  practical  and  theoretical  solution  of  this  problem, 
at  least  ae  far  as  the  moat  common  cases  are  concerned,  it  1b  necessary  to 
conduct  a  series  of  special  observations  of  buildings  with  ventilated  air 
spaces.  The  method  for  construction  of  buildings  adapted  to  settling  due 
to  thawing  of  the  permafrost,  reconsnonded  by  the  OST  Manual  No.  <?<"» 032-39, 
is  not  suff ioiently  definite  and  can  hardly  be  utilized  in  practice  be¬ 
cause  it  is  impossible  to  estimate  correctly  the  magnitude  of  pottling 
of  the  ground.  N.  A,  Teytovich  recently  made  a  successful  attempt  in  his 
doctoral  dissertation  to  develop  a  theoretical  solution  to  tl«  problem 
of  settling  of  both  uniform  and  stratified  types  of  ground  duo  to  thawing 
of  the  permafrost.  His  method  is  confirmed  by  results  of  laboratory  teats. 
However,  it  is  necessary  to  verify  this  method  undar  actual  conditions  and 
to  adapt  it  to  practical  facts.  Proper  @vperinmntation  at  permafrost 
stations  would  furnish  the  ultimate  solution  to  thiB  problem,  which  is  one 
of  the  most  important  in  tha  field  of  stable  construction. 

The  use ,  design,  and  operating  regime  of  the  steam  point  has  not 
been  adequately  clarified,  although  this  device  is  moat  suitable  for  ueo 
in  frozen  ground.  Extensive  Utilization  of  the  storm  point  on  construction 
necessitates  further  practical': study  of  the  aspects  pertaining  to  application 
of  this  method. 

It  is  important  to  solve  the  problem  regarding  the  time  required 
for  restoration  of  the  permafrost  thawed  by  tho  steam  point  during  the 
process  of  lowering  piles.  This  requires  basic  tests  an!  observations. 

-  C-  . 

Only  scattered  data  are  available  at  present,  which  complicates  the  task 
of  tho  construction  engineers.  >  " 

Mention  was  mado  previously  regarding  the  advisability  of 
utilizing  refrigeration  procedures  in  scaa  cases  in  order  to  conserve  tho 


permafrost,  Utilization  of  the  reserves  of  natural  cold  for  this  purpose  1b 
highly  promising.  However,  it  is  imperative  to  develop  this  method  under 
field  conditions  and  by  means  of  suitable  experimentation.  It  is  opportune 
to  begin  to  deal  with  this  important  problem. 

The  foregoing  does  not  cover  all  the  aspects  which  are  of  primary 
interest  to  construction  engineers.  The  aspects  presented  hero  comprise 
only  those  which  require  relatively  immediate  solution  and  which  can  be 
rapidly  resolved,  of  course,  the  activities  of  a  special  institution  for 
scientific  and  experimental  research  in  construction  on  permafrost  cannot  ;*> 
limited  solely  to  investigations  of  individual  construction  problems,  but 
should  covor  the  entire  problem-  This  activity  required  special  and  more 
profound  analysis. 
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INSTRUCTIONS  FOR  INVESTIGATION  CF  STRUCTURAL  DEFORMATION 

The  following  are  excerpts  from  the  1939  Draft  of  the  Provisional 
Engineering  Standards  for  surveying,  design,  and  construction  o£  railways  on 
pormafroat,  NIIPS  NKPS. 

A.  General  Instructions 


1.  The  object  of  the  investigations  la  to  determine  the  factors  and 
causes  of  deformation  and  correspondingly  to  develop  measures  for  protec¬ 
ting  the  structures  agflinet  the  deforming  effects  of  permafroet  phenomena, 

2,  Investigations  of  structural  deformation  should  comprise  tho 
following!  (a)  engineering  aspects,  including  the  details  of  design, 
construction,  and  deformation j  (b)  pormafroet  aspects]  (c)  geological  a  1 
hydrogeological  aspects. 


3,  Investigations  of  structural  deformation  should  be  conducted  by 
a  coB»itteo  consisting  of  cospotent  persons  and  including  at  least  the 
following  three  specialists*  (1)  a  construction  engineer  who  is  familiar 
with  the  aspects  of  permafrost,  (2)  a  permafrost  scientist  who  has  a 
knowledge  of  structural  engineering,  and  (3)  a  geologist  specialising  in 
engineering  geology  and  familiar  with  permafrost  and  hydrogeology.  If 
the  ecopo  of  the  Investigations  and  the  size  of  the  structures  are  relatively 
email,  the  investigations  say  be  entrusted  to  a  few  persons  or  even  to  a 
single  individual,  provided  this  individual  is  sufficiently  competent  in  the 
special  fields  involved, 


ii.  The  investigations  of  structural  deformation  may  be  divided  into 
the  followinp  two  categorise*  (a)  general  investigation  of  the  condition 


of  individual  structures  or  groups  of  structures,  and  (b)  investigation  of 


daf  relation  and  its  causes.  The  second  category  can  be  subdivided  as 
follows*  (1)  general  investigation  of  deformation,  (2)  detailed  study, 
and  (3)  long-term  investigation.  In  addition,  the  activities  involved 
comprise  the  following*  (a)  inspection  of  buildings,  (b)  ihspectiori  of 
bridges  and  culverts,  and  (c)  inspection  of  roadbeds. 
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3'.  The'  particular  typo  of  investigation  involved  is  determined  in 
accordance  with  specifications  presented  in  the  following  pcra^rnpho, 

8.  Oonoral  Inspection  of  Structures 

1.  Ti.e  objective  of  the  general  inspection  1b  to  determine  tho 

general  character,  causes,  and  factors  involved  in  the  duiorivation  of 
structures  in  the  given  region.  - — • - —  • — .... —  ■ 

2.  The  general  investigation  and  its  scope  are  as  foil  ewe  t  ’ 

(n)  A  gonoral  doecription  of  the  aroa  io  prepared.  This 
description  should  contain  detailed  c] imntological  and  motoorological 
data  (precipitation,  snow  cover,  temperature  regime,  etc.)  which  can  bo 
obtained  at  local  institutions,  from  various  climatological  handbooks, 
aid  by  intorviiawing  local  residents.  The  description  should  contain 
tho  gonoral  characteristics  of  the  region  with  respect  to  geology, 
hydrogeology  and  permafrost  conditions,  ua  well  as  information  regarding 
tho  local  topography,  vegetation,  and  s  face  cover.  Tills  description 
must  bo  bacod  on  direct  observation  and  f arailiariaaUon  with  available 
materials,  and  should  utilise  the  procedures  specified  in  (d)  i>olow; 

(b)  A  general  description  of  the  design  and  Appearance  of  the 
deformed  structures  is  prepared  on  tho  banis  of  personal  obsurvatinnsj 

(c)  A  description  is  prepared  of  the  nature  of  tho  deformation, 
indicating  thy  typos  of  deformation  prevailing  In  tho  given  region,  such 
ae  settling,  heaving,  etc.  This  description  must  be  based  on  personal 
observation  of  the  structures.  It  is  advantageous  to  include  photographs 
of  all  tt*j  deformed  structures  and  brief  comments  regarding  the  particular 
design  and  deformation.  In  describing  the  deformation,  it  is  essential 

to  indicate  the  location  of  the  structure  with  respect  to  geographical 
latitudes  and  longitudes. 

(d)  If  fu&sible,  it  is  advisable  to  drill  or  dig  test  holes 
near  the  structures  having  the  most  typical  deformation.  This  should  be 
done  near  three  to  five  structures  at  the  points  of  most  extensive 
deformation,  using  cne  hole  or  bore  per  structure. 


3.  The  records  of  this  Investigation  should  comprise  the  follov.ingt 
(a)  general  description  of  the  locality t  climate,  meteorology,  geology, 
hydrogeology,  porr.al'roct,  and  vegetation]  {b)  general  description  of  the 
structures  n.d  ti;e  nature  of  tlio  doformatione  involved]  (c)  photographs 
of  the  locality  ai  d  the  deformod  structures]  (d)  description  of  thu 
noaourea  undertaken  to  counteract  the  permafrost  effects  or;  toe  structures, 
tlio  effectiveness  of  those  nioaauros,  and  tho  opinions  of  t  o  liivwstigatorB 
regarding  the  gr->  ubie  causes  of  deformation)  (e)  logs  or  index  cards 

Ci 

containing  the  reculps  >>f  drilfii  p  or  oxcavation  operations,  ii  nuch 
operatini.:;  vi.ro  oerformodj  (f)  the  opi:  lone,  conclusions,  and  rccommon- 
daiions  <'f  t  o  invest! go tore  regarding  tlio  nature  and  extent  nf  f  rthor 
rtuuioo. 

C.  General  Investigations  of  the  Doformation  of  a  Specific  Structure 

The  procedures  and  acopo  r>f  tlio  general  investigation  of  doior- 
mation  .ire  nr  l'ollowoj  (1)  A  general  moBcrlption  is  prepared  of  the  aroa 
whore  the  sf-bernr"" rTrrrrt’ire  is  located,  in  accordance  with  t'no  inotructlona 
procontod  m  nrn  of  tho  forego 'i.gj  (2)  A  detallod  doncrlption  of  the 
dorlrn  aspects  of  tho  g'v?"  structure  is  prepared  on  tho  basic  of  jeraonal 
observation]  (j)  A  uetatled  description  of  Uh>  extent  uxid  nature  of  the 
Uoformati m  is  prepared  In  accordance  with  inB]>octioii  rosulte  and  la 
accoi  pnr.it  d  i*y  photographs  f  tho  Btructuroj  (h)  Tlio  opinions  and  eonclu- 
alone  f  the  investigators  regarding  tho  deformations  and  their  causes  are 
prepared,  indicatin'  the  extent  of  any.  necessary  further  investigation. 

D.  i'otnilcd  and  I^ng-Tcrm  Investigations  of  Doforactien  of  an  Individual 
Structure 

1.  .  oth  the  «  otniled  and  long-tenn  investigations  of  structural  ^  . 
ui  •■<<rm.it  i*  n  are  cameo  out  in  t.ccordanco  with  tho  fnl  lowlr,’  instructions, 
tl-e  lattor  invostignli-  r  havinc  a  relatively  wider  scope,  no  indicated 
later  in  ti.e  appropriate  paragraphs. 

2.  Tilt*  pregros,  and  scope  of  tho  investigations  are  determined  in 
accordance  with  the  results  of  Use  preliminary  invest! rati  t»s  specified 
in  "E"  and  HCU  of  the  forego 


E.  Investigation  of  ..Deformation  of  Buildings 

1,  Investigation  oi  tiie  engineering  aspects  should  coi  prise  t? jo 
following  procedures  and  scope i 

(a)  Accurate  sketches  of  tlie  building,  to  a  i iS-0  scale,  are 
prepared  in  accordance  with  tape  measurements.  T>joy  comprise  the  following) 
(1)  a  plan  of  the  building  foundations  arid  of  oach  etory,  (2)  gorieral 
longitudinal  and  transverse  sectiore  indicating  the  typo  end  depth  of  the 
foundations,  and  (J)  cross  sections  at  points  whoro  deformation  occurred. 

(b)  Those  drawings  should  be  accompanied  by  a  description  t.f 
tho  design  and  layout  of  tho  hi  tiding,  and  the  construction  materials 
used  for  various  parts  of  tho  building.  Tho  locations  of  tho  deformations 
are  Indicated  in  tho  drawings.  In  multion  to  tho  careful  description  of 

the  doforraatiomj  and  their  extent,  It  i&  oscontial  to  descrilw  witli  precision 
and  in  dotal]  tho  design  and  materials  of  tins  foundations  and  thoir  bones, 
t)to  constructi w  rrothode,  and  tho  procoduroe  and  moaauroa  applied  during 
construction  for  t..c-  purpose  of  avoiding  tiio  efl’oct  of  permafrost  on  Uie 
ocructuro.  The  information  can  bo  ootninod  from  working  draw.ngB,  in¬ 
spection  of  the  structure,  and  interrogation  of  local  residents. 

(c)  location  of  the  building  witli  respect  to  gaogrophir.nl 
longitude  and  Latitude  should  bo  specified. 

(d)  Aio  char".".tar  of  the  area  is  described,  indicating  the  top¬ 
ography,  vegetation,  and  surface  cover j  and  a  topographic  Snip  is  prepared, 
drown  to  a  ill  00  scale,  showing  the  area  around  the  structure  within  a 
radius  of  at  least  100  m. 

(e)  Tfte  measures  for  diverting  Uie  surface  water  from  tho 
vicinity  nf  tie  iulldinp  are  deserited,  and  a  schismatic  plon  of  tho 
system  of  divorsion  and  drninige  ditchos  is  erpontiod. 

(f)  A  detailed  description  of  tho  doferaa*  inn.*  is  prepared, 

and  the  deformrrti  nr-  are  indicated  on  the  pi  and  and  .section  of  tho  building. 

(g)  The  dimensions  of  ti.o  various  deformations,  Uiat  isr  tho  ■ 
length,  width  and  relative  location  of  cracks,  the  extent -of  settling  or 

otsiv,  srs  prepared  and  special  iketcho"  aro  dram  if  nneuesary. 
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The  cracks  arc  moasupod  with  a  yardstick  and  .sliding  balloons.''-  Tho 
boundaries  of  ti.e  erases  are  ir.nrkati.on  Uia  etructuro  'with  fell  pair.t. 
Settling  and  hocvir.r  are  determined  with  tiie  aid  <>f  a  level.  The  road- 
ihgs  are  compared  with  those  (riven  in  tlio  original  plane  cl'  tho  working., 
drawings.  If  those  original  data  are  not  available,  tiia  roadinK6j#re 
compared  with  thooo  roiatinf;  to  the  i-ndoformod  adjacent  ;  orti  >ns  of  the 
..  building,  such  as  the  opposite  wall  or  side. 

(h)  The  investigators  should  supplement  the  records  with  choir 
opinions  and  cencluri.ins  regarding  th-i  aspects  listed  previously  a n  well 
as  any  other  nspuutc  which  they  conaider  important  and  valuable. 

(i)  In  the  uaso  of  1  ng-torm  observations  of  n  deforming 
structure,  the  progress  and  relation  of  the  deformation  to  oxtomol 
phenomena  should  be  described  systematically  and  precisely. 

2.  The  nature  and  scope  of  tlio  geological,  hydrogeological  and 
nonr>ufrons  investigations  are  as  followsi 

(n)  A  |»,«nor ;il  <loccrJp.tion  ic  prepared  of  the  geological,  hydro- 
Rooloiicnl  at.!  pe  mafia  ;  t  characteristics  of  tho  region,  including  a  gen¬ 
eral  dot  criptj  r>n  of  t  o  locality,  the  nature  nnd  peculiarities  of  t)io  per- 
urU'roet,  the  c* ;  pnni ti<  n  o;  t!ie  active  ar.ri  porraafrnst  layers,  tho  moisture 
content  of  tliuso  layers,  and  tlio  temperature  and  physical  nnd  mechanical 
propurtios  ~-f  tho  ground. 

•'  (t)  The  stratification  and  nature  of  tho  ground  near  anil  beneath 
t he  build  or,  are  dotormi nnd. 

(e)  Thu  ra"ine,  love!  «  -u  d  chemical  canpcsition  (aggressiveness) 
'of  live  ground  water  .irn  oetald  ishod. 

(d)  T;.‘i  upper  pernm roat  limit  aid  the  thickness  of  tho  active 

layer  at  the  tire  of  the  investigation  ore  doterminod  in  accordance  With 
t"j-  procedures  presented  in  (%1)  lelow.  These  me  afiurenflnte  are  made  at 
10  or  12  points  in  places  where  deformation  occurred  aid  generally  near  or 
beneath  thn  luild'nr,  m.u  section  profiles  of  tho  rrouha-^aro  [<roparod. 


(o)  The  position  ■  f  the  upper  poreafros*  limit  during  construe- 
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(f)  1'fiO  maximum,  rninimixr.,  and  moan  nnr.ual  temperatures  nf  the 
area  are  determined  froir  appropriate  snureos,  and  comploto  r  hr cu  vat-ions "of 
tiie  climatic  rofimo  are  conducted  ;'n  the  case  u"  long-term  invont-igati' no, 

(g)  Tho  •  depth  of  t> p  original  and  current  rr'W  covorc  in ' the 

given  area  are  dotorrairiad. 

(h)  ■  Tr^  amount  cf  annual  procipltation  it  usuic  iirheti.  t 

(i)  The  mechanical  rtrc.npth  of  tho  r-ormofroBt  and  *.hn  neb.  r  oozing 
strongth  between  tho  active  layer  and  t!«  fuundati'n  era  dot’ trliwd. 

(j)  Obtaining  tho  data  invulvo3  tho  following  stupe.  Throe  or 
moro  tost  pita,  oxtondlng  to  the- .fpiindatlm  baEe,  aro  oxcavatod  at  points 
where  dofomati ti  occurrod  and  Govern!  tbreh.nlos,  oxtondlng  at  lonat  "  ni 
below  tho  foundation  ..aw,  are  drilled  in  order' to 'obtain  aariploB  of  t-3 10 
ground  and  to  determine  tho  depth  of  tho  permnl'roet.  The  number  of  bore- 
holoo  should  be  sufficient  to  allow  proparnti'ii  of  longitudinal  and 
tromivorse  prafiloo  of  tho  ground  ionoatii  tho  building. 

(k)  Uaneral  conclusions  am  compiled  reran)  inr  b«  jrobmlo 
cmir©  8  of  the  deformation,  ns  well  ns  tho  nature  and  oxtuut  "f  tho  <’n- 

‘fonn.iti  -J,  ai.d  the  preventive  pro^duroB, 

(l)  Analysis  if.  madu  of  aspects  ti"t  lifted  in  the  f<>rur<i!npt 
but  regarded  bp  ti.u  investigators  an  important. 

(n)  fire  following  steps  are  imperative  it'  tJ*e  conn  f  lor^-tena 
observation  of  the  doforeation  of  a  given  sti uc lure i  (i)  t<  ontailirh 
beucona  and  benchmark:;  '  and  record  tho  rorrospondj ng  olt.'-i v.itlrr.s»  (?)  to 
conduct  tyotwaatic  oos  rv  t.i  ua  of  tho  tnnprraivro  rori.mc  »»f  *he  ground  ar.d 
the  Oloeontr-  'f  tho  tuikiing.  '  Tlwrtt  obS'-rvati^ro  should  bo  carefully 
related  t>>  ti.o  temperature  re-imo  of  t.ho  ''i.*  E-,ijo  air  :u.u  to  the  op'i-n*  i  -uni 
ro.-lffia  of  tha  !<•  ild  ng,  and  (3)  tm  do  torn  no  the  r;- ‘later©  cgs  tout  !'  ire 
gr  ound  in  tiio  vicinity  of  ti.o  defer*.™  liras  at  vnri<  its  depths  r»nr > »  r  to 
2  a  below  the  l'munu.it i**n  enr-o,  in  Um  case  of  redden  orcurrer.ee  of  ex¬ 
tensive  dofernati.r.  ,~- 

..(n)  If  buildings  exist  in  the  giver  area,  the  itr*«etij*ai@rB 
should  tacpssV  them,  determine  ihi^  dasign  of  tjJB  buildings  and  that  r 
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foundations,  establish- the  nature  of  the  deformation,  if  any,  and  the 
procedures  which  wore  Used  to  prevent  the  effect  of  the  permafrost. 

K. ,  Investigation  of  Bridge  Deformation 

1.  The  saquonce  end  scope'.;  of  the  investigations  pertaining  to  the 
engineering  aspects  are  as  follows! 

(a)  Drawings  of  thes  bridge  or  culvert  should  Le  prepared  with 
adequate  accuracy  to  a  scale  of  li50  or  lilOO,  utilizing  tape  measurements 
of  the  ntructuro  or  data  obtained  from  appropriate  cfflcoe.  These  drawings 
should  incli:de  tho  plan  -f  the  supports,  lonritudinnl  and  trnnaviTce 
sections  of  tho  supports  and  foundations,  and  the  design  and  depth  of  tho 
supports,  . 

(b)  Tiie  drawings  should  indicate  the  material  of  the  various 
elements  of  the  supports  and  tho  surfaco  condition  of  tho  suction  of  the 
foundation  located  within  tho  active  layer.  The  drawings  should  bo  accom¬ 
panied  by  a  detail od  description  of  tho  deBign  and  arrangement  of  tha  bridge 
eupforts,  with  particular  roforonce  to  the  foundations  and  tho  procedures 
used  during  construction  and  subsequent  operation  of  tho  bridge  to  prevont 
or  reduce  tho  effect  of  permafrost  on  t!ie  bridge.  The  points  at  which 
deformation  occurred  should  bo  indicated  on  tho  drawings. 

(c)  in  addition,  the  following  information  should  bo  provided! 

(1)  the  facing  material  of  the  support  and  the  color ^f  the  stone,  (2)  tho 
fill  material,  (3)  the  design  and  covor  of  elopes,  (hj  tho  presence  of 
Ehado  and  vegetation  near  the  supports,  (fJ)  the  design  and  effectiveness 
of  the  regulating  srvi  reinforeinr  installations.  These  data  can  be  ob¬ 
tained  from  inspection. 

(d)  T|jo  location  of  the  bridge  with  respect  to  geographical 
longitude  and  latitude  should  bo  indicated  on  tho  drawings. 

(e)  To  describe  the  nature  of  tho  river  and  preparo  a  sketch 
of  t-lie  effective  channel,  indicating  tho  water  levels  at  low  stage,  ice 
flow,  ar.d  high  stage  {during  floods  or  summer  ano  fall  inundations).  It 
is  essential  to  collect,  the  results  of  Jiydrooetric  observations  during  tho 
rrecud:.;g  five  to  ten  year,  - 
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(f)  To'  conduct  a  topographical  survey  of  tho  vie  in  it.;  of  iho 
bridge,  covering  a:  area  in  a ccnrU  u.co  v;itk  the  size  ,-.i  the  bridpe,  -  and 
describe  t!.o  nature  ai  d  contour  o*  the  locality. 

(r)  To  prepare  a  detailed  description  or  the  dox'orniatior.e, 
indicating  each  deformation  or,  the  drawl  nee .  , 

(h)  To  rrka  t!ie  fcilov/irr  exact  measurements  u  ti.o  deformations » 
(1)  the  lenpth,  width,  and  relative  locate. on  of  crncku,  aioaturod  with  the 
aid  of  a  yardstick  i.d  sliding  cnlipors;  (k)  ti.o  .-tilting  or  uioplaccnent 

of  the  structure  or  itc  eloront&j  (3)  the  oxtont  of  settling  or  heavuR, 

Too  last  tv.o  nenpuronentf.  should  te  o-.  tairad  by  naans  of  precise  level 
raadjnpu.  Tfiesa  readings  should  to  compared  with  tho  benchmarks  es¬ 
tablished  by  tho  local  hlrhway  dapnrWjr.t  ami  with  the  original  bluoprinte, 

A  transit  should  be  used  to  survey  curvon,  slope?,  nrd  displacement  points, 
and  tho  local  on  of  ti.o  supports  should  be  carefully  measured  and  chocked. 
Sketches  sh<*uid  be  prepared  if  tho ; .  can  clarify  the  aspects  of  the 
doformt  one,  -• 

(i)  Tiio  investigators  should  o.for  their  views  with  .retard 
to  Loth  the  ,v  pads  enum-j*ntod  h-.o  or.d  any  other  aspects  which  they 
depn  import. art  aid  v  iluaMe. 

(.0  In  t.iie  c nRG  •■ij‘  Ion, '-term  obs-rvit  inns  of  structural  do- 
format  i.  ii,  ; !  is  osiur.l  ial  *  ustrilirh  ierc.V.arks  and  beacons  and  t.o 
doscrit-o  nystenn t teal 2 ; mi  accurately  the  c.  urso  of  the  deformation  and 
its  rein  tine  to  ox’onvu  phenomena,  viuliic  vsri'-us  strain  ra;us  as  well, 

t.  Ti.o  roeJo  -ic.-.l  tiydr 'loi  iinl  ai.  i  .  •orra;  rant  it.vnsMrationr.  c ca¬ 
price  the  iollc.wiupr 

(a)  fTeparatlon  of  longitudinal  and  J  r.inrvcrr.e  .'cnderic.il 
prefixes  of  ti.o  river  bed  on  the  l  aris  of  data  provided  by  ti  e  depart'  ont 
of  roads  or  by  mem  s  fin'd  tests  i f  nucerrarv.  Tun  profiler  should 
cover.  100.  m  on  each  side  <- 1  t.  ov bridge, 

(b)  Frcna rat.i«n  of  a  nu.erai  roc lor i  cal ,  hy*ii’Ox'ueloi'ica '  arid 
purralrort  •icrcripti  n  --f  t  o  locality,  in -fauna  yoifiral  'inscription  of 
the  nfoa.  the  nitvrv  .ir  i  rr-p-  r*  i'-r  of  the  ;  vr.-yi.Y  ;l,  ti.u  >'  -  rons  i  ♦,  i  ■  r  of 
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the  permafrost  and  active  layers,  the  moisture  content  of  these  layers, 
and  the  temperature  and  physical  and  macharica1  characteristics  of  the 
prouna. 

(c)  Determining  the  regime  end  level  of  the  ground  water  by 
means  of  Inspection,  observation,  and  inquiries. 

(d)  Dotermininp  the  occurrence)  of  matrix  or  bedrock  noar  the 
structure  from  data  furnished  by  the  organization  in  charge  of  tho  road 
or  from  field  tests  il'  noeossary. 

(e)  Dobormininr  the  pooition  of  tno  upper  i'ormofrost  limit  and 
tho  thicknoor.  of  tho  active  layor  at  tlio  time  of  tho  investigation.  Timce 
measurements  should  he  taken  at  the  following  polntst  in  places  where 
deformation  occurred— noar  the  Eidoa,  front,  and  rear  of  the  pier,  and  near 
the  aides ,  front,  and  rear  of  the  abutment  (at  least  at  four  places,  ox- 
cluoivo  of  those  where  deformation  occurred).  It  is  nloo  osoontial  to 

dot<  rmlno  tho  thickness  of  the  pormafroBt  at  tho  given  area. 

(f)  Determining  the  position  of  tho  upper  permafrost  limit 
during  construction  of  the  bridge. 

(g)  Determining  the  maximum,  minimum,  and  mean  annual  temporaturoB 
from  appropriate  boutcsb. 

(h)  Determining  tho  depth  of  snow  cover  from  tho  data  of  a 
climatological  reference*  book. 

(i)  Determining  the  amount  and  timo  of  precipitation  in  the 
given  aroa  and  conducting  a  cnmploto  series  of  climatic  observations  in  the 
case  of  lnni'-tom  investigations. 

(j)  Dutorairinr  tho  mechanical  strength  of'tiiu  poimfroat  in  its 
frozen  nr.u  thawed  ctatos. 

(k)  Daburmininp:.  tho  adfreesinp  stroncth  betweon  ttyo  permafrost 
ar.ri  ti.o  foundations. 

(l)  in  obtain  tho  data  enumerated  in  U.e  procoemg,  it  is  ne¬ 
cessary  to  carry  out  the  following  operations*  (a)  tn  establish  test 
jdtr  extending  to  ti.o  foundation  lase  near  places  where  deformation  occurred; 


(b)  drill  holes  should  bo  made  in  the  tost  pits  noar  tl.o  i'  und  a  ti«.no, 
extending  at  least  £  n  below  the  foundation  bane,  ucpondlne  on  locrj 
conditions)  and  (c)  the  required  number,  I’imonalon,  depth,  and  d? otribntj r n 
of  the  drill  holes  are  determlu^d  by  field  conditions  aid  should  t-o  o  :oh 
as  to  facilitate  proparation  of  longitudinal  and  tranevereo  geoloi'ieal  and 
permafrost  profiles.  „ 

(ra)  Dotormininp  tho  proconco,  location,  forrv.  _  n  period,  and 
oxto:  t  of  rro  .nd  icings  in  the  vicinity  of  tlxj  bridge, 

(n)  Proparlnr»  conclusion  e  regarding  the  probable  causes  "V  the 
doformnti  ms,  ti  oir  nature,  noquonca  and  course,  and  the  necessary  provon- 
tivo  measures. 

(o)  Presenting  tlio  views  of  tho  investigators  ror-trdirr  aspects 
whicli  thoy  consider  important  but  which  have  not  been  included  in  the 

preceding. 

"Hi  o 

(p)  Tlio  following  i  rocuduros  are  oasentinl  in  ti  o  case  of  long¬ 
term  obs'  i  vntions  of  deforming  structures?  (1)  to  establish  benchmarks 
and  beacons  a  fid  to  keep  a  record  of  the  observation!!,  describing  tlio 
circumstances,  soquonco  and  extent  of  tho  deformations,  utilizing  appro¬ 
priate  inatrumonts)  (1?)  to  make  systematic  records  of  the  torr.pcraturo 
rerirre  of  the  rround,  the  supports,  and  tic  outside  air.  TJkj  aoisturo 
oonlent  of  tho  ground  at  points  where  deformation  occurred  should  i*j 
determined  at  various  depths  ranging  to  2  m  below  tho  foundation  base  if 
sudden  occurrence  Of  extensive  deforma tiers  is  evidenced. 

(q)  If  other  ttructuros  exist  in  tho  given  area,  it  is  nococsory 
to  describe  them  and  their  design,  to  determine  whethor  they  hove  deformed, 
and  to  ascertain  tho  nature  of  the  me  a euros  used  to  prevent  tie  effect  of 
permafrost  cr-  these  structures. 

0.  Investigation  of  Defonraticn  of  Roadbeds  and  Drainage  Inelallat i-rs 

The  investigation  program  and  scope  pertaining  to  the  or.g.fvoer  ifig 
aspects  are  ss  follows. 

1.  A  i  ngituuir.ai  profile  and  a  series  of  transverse  profiles  ei  the 
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roadbed  area  under  consideration  should  bo  proparad  from  measurements  and 

. .  •*- 

lovel  roadings.  The  transvoroo  profiloo  are  requirod  Tor  each  benchmark 
and  station  indicated  on  the  original  longitudinal  profile,  and  should 
comprise  not  only  the  roadbed  itself  (cut  or  fill)  but  also  tho  berms, 
drainage  ditches,  bankoto,  shoulders,  hillside  ditches,  and  other  drainage 
installations,  Bach  profile  should  cover  a  distance  of  about  tb  m  from  each 
edge  of  tho  roadbed.  The  longitudinal  and  transveree  profiloF  nhould  be 
drawn  to  normal  ncalea.  The  profile  of  the  normal  (undeformed)  roadbod, 
taken  from  the  working  drawing?,  is  plotted  along  these  profiles,  using 
daohod  linos.  In  addition,  a  topographical  map,  drawn  to  a  scale  of  li?00 
and  covering  a  minimum  width  of  100  m,  is  appended  to  these  profiles . 

2.  !ho  drawings  should  indicate  the  location,  type,  material,  and 
condition  of  the  sharing  for  fills,  cuts,  and  diversion  and  drainage  ditches, 

3.  Separate  drawings  should  be  made  of  all  deformations,  settling, 
cracks,  elides,  washouts,  cavings,  and  similar  displacements,  relating  them 
to  the  longitudinal  and  transverse  profiles  and  indicating  the  date  of  their 
occurrence. 

li.  To  proporo  a  list  of  the  swollingo  in  tho  roadbed,  indicating  their 
exaot  location  and  dimensions  on  the  topographic  map* 

To  describe  the  measures  taken  during  construction  and  subsequent 
operation  for  the  purpose  of  preventing  deformation  and  stabilising  tho 
roadbed  and  other  earth  structures  in  accordance  with  the  design  and 
specifications. 

6.  To  furnish  tho  data  regarding  the  material,  construction  method, 
and  time  of  erection  of  the  fill,  as  well  as  similar  information  regarding 
tho  cut. 

7*  The  investigators  should  state  their  opinions  regarding  tho  causes 
of  deformation m d  the  suitability  of  the  corresponding  preventive  noaouros. 

8.  The  geological,  hydrological,  and  permafrost  aspects  of  the 
investigations  comprise  the  following  procedures* 

(a)  To  prepare  a  longitudinal,  geological  section  of  the  roadbed 
and  of  its  natural  base  beneath  one  of  its  edges,  using  testTioiear"^- 
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(b)  To  prepare  a  aeries  of  geological  sections  of  the  roadbed 
and  underlying  natural  surface,  using  teat  holes  made  at  the  locationo 
of  the  trausvercQ  profiles  and  other  characteristic  points. 

(e)  To  prepare  a  eorieo  of  longitudinal  nni  trrnnvoren  sections 
determining  t!io  prasonco  and  extent  of  bnllaBt  deposits,  using  toot  holes. 

(d)  To  dotonsir«  tl  o  level  and  regime  of  tie  wound  water, 

(o)  To  detumine  the  geological  and  h/drogoologi  cal  aspects  of 
tho  area,  which  may  have  a  nogativo  effect  on  the  stability  of  the  roadbed. 

(f)  To  prepare  a  general  description  of  tl.o  geology,  hydrology, 
and  pormal'rort  condition  of  the  aroa,  indicat  ng  tho  nature  and  properties 
of  the  permafrost,  the  composition  of  the  active  and  permafrost  layoro, 
their  moisture  content,  tsmporature,  and  physical  and  mechanical  charac¬ 
teristics. 

..if  (g)  To  determine  tho  position  of  tlio  upper  parmuiYoot  limit  and 

tho  thickness  of  the  active  layer  at  the  time  of  tho  Investigation, 
within  a  r.octlon  comprising  tl«  bermu,  ditches*  mid  shouldurd,  and  extending 
a  diet  men  of.  'JO  m  from  each  edge  of  the  roadbed. 

(h)  To  determine  the  position  of  tlie  uppor  permafrost  limit 
during  construction, 

'1)  To  determine  the  presence  and  extent  of  ice  wedges,  in¬ 
dividual  ice  lenses,  and  masses  of  imbedded  ice  in  the  ground, 

(J)  To  determino  tho  maximum,  minimum,  and  mean  annuo!  tom- 
peraturoc  of  tho  locality,  ^ 

(k)  To  dntormino  the  type  of  natural  surface  ct^er  on  tiie  aroa 
under  investigation,  as  well  as  the  time  and  extent  of  its  disturbance, 

(l)  To  ascertain  when  the  woods,  if  ony>  wure  olimlnalod  in  tlio 
area  involved. 

(m)  To  do  tormina  the  effect  of  the  remaining  woods  (in  individual 
places  of  tho  area  involved)  on  the  ground-water  level,  the  ground  isoicturo, 
and  tho  rasiti'>n  of  the  upper  permafrost  limit. 


(n)  To  determine  the  thickness  of  the  snow  rc-.or  and  tho  t  iro  of 
major  snowfalls,  'ns  ms  if  us  ti:n  pr.'-unt  ami  time  of  precipitation  in  lim  giv.on 
aroa. 

(q)  A  complete  study  of  the  Climate  is  QsrentiaJ  ii,  the  case  of 
long-term  ol Eorvati  ns. 

(p)  To  dotormino  the  strength  of  t!io  ground  In  coffin oonion, 
tension,  am)  shear. 

(q)  A  record  in  kopt  of  the  long-term  obBorvatinnn,  In  which  ore 
doacrit.-od  tho  tire  o<  orc'xronco  and  u ■©  nature,  courre,  and  extent  of  the 
defoliation,  an  well  an  the  circumstances  accompan.7l.1g  the  deformation. 

(r)  It  is  essontinl  to  make  a  thorough  and  detailed  invnotigatif n 
of  any  other  area  wt.  1  c:)i  Is  net  subject  to  dofornutlon  or  undergoes  neg¬ 
ligible  deformation,  if  finch  an  re  a  oeeuro  in  tho  vicinity  cf  ti.o 
deforming  readied  area,  in  order  .0  dotomino  tho  napocto  (topograph.,, 
geology,  h'dr-dei'/.  jormalYost,  1  jsipn,  typo  of  ground,  ote. )  which  prevented 
deformation, 

(n)  Tlo  invoatigftton  should  state  thoir  views  regarding  any 
important  aspects  which  have  not.  l>eon  included  In  t.ho  foregoing. 


1(2*3*  Ground  tetparaUaru  10  to  15  e  telow  the  aurfaeo  in  1«*of  than  u,  varies 

frrr  -1.5  10  -  C,  and  la  Higher  than  -1.5  0,  rospec  lively.  i.  isolated  inlands  oi  penv.- 
rrt>st,  5.  woll  r^reaXrrat  l»ne«s  In  peat  sounds.  *>,?.  «,f>uth*.<rti  l^VrJarv  of  ncn-af.-'-st 
«tf,ln  end  Outride  (hyr«th«U.e&I>  the  ISSR,  rerpocUvwly.  H,  rVirafreBt  area  trit>  thick 

inclusions  of  rr«urd  loo, 
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Fig.  2  -  Scheeatic  Geological  Prefiloa  of  the  Four  Permafrost  Types 


Fig.  ii  -  Qround-Wntor 
Fountain  Excoodlng 
1  Meter  in  Holpht 


Fig.  9  -  High  Ground  Icing  Wound  near  a  Railroad 


Fig,  10  -  Diagram  Illustrating  Formation  oT  Ground  Icing 


Fir..  16  -  Jlu-Tfioclty  Bop 


Fig.  17  -  Bouldery  Alluvial  TaluiS 


FiC*  22  —  ffindfell  in  Sitorian  Forost  where 
PemaTfoot  Occurs  at  Shallow  Depth 


:i  n 


•  ICC  -  rsundation  Colurn  in 
e«F  Fit  with  Sheet  Piling 


-■!  — : —  - _  .  Fig,  35  -  Foundation  Dufarsod  by  Harissatal  PrasifttF* 

(Fran  U.  Z.  BvdolciEfflT-RokotoTriQ’) 


fc'lp.  -  Inhabited  Houses  Filled  with  Ieo 


Pip*  5?  ~  frolable  Chanf’e  in  Positlcn  oi  Lippi- r  FrirraTroSl  limit 

feneath  o  Kirh  Kill 


Fig.  57  -  Dlagxm  Zllustrttlng  Position  of  Pkrufroit 
Surface  Beneath  a  nil 


Hewing  Force 


Fig.  71*  -  Woodan  Building  on  Crib* 


Fig,  76  -  Anchoring  a  ftainforcod 
Concrete  Colvssn 


Rubble  Concrete  Foundation 


1.  Outer  wall.  2.  Saves  oi  2>  c.i 
lx>arc  dipped  in  t  3  percent  sodlur. 
fluoride  solution.  3 •  Quarter 

round  2.5  cr.  thick.  h.  V  Jy  l'> 
•  cm  creosoteil  beam  spaced  at  70  cm 
intervals.  5.  20  by  30  cm  air 
vents  every  1.5  to  2.0  m.  6.  Air 
space.  7*  Creosoted  Joist. 

5.  Creosoted  board  measuring  3  by  ^ 
20  cr..  ?.  Clay  or  loar.  covered 
with  tor.ped  rubble.  1C.  Depth  10 
to  20  cm.  11.  Two.layore  of  tar 
paper  over  a  layer  of  tar.  12. 
Solidly  tamped  backfill  of  exca¬ 
vated  material.  13*  Suitable 

roof.  ll.  Lower  three  timbers 
creosoted  and  covered  with  special 
putty.  15.  Bottom  half  of  loner 
timber  covered  with  creosoted  folt 
overlain  by  tar  paper,  id.  Jacket 
17.  Tarred  clay  loam,  17.  Tanned 
moss  cushion.  10.  Anchor. 
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Fig.  Bl  -  Timber  Column  Foundation  Designod  by  V.  A.  Byalinitsky 
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Permafrost  Surfafle 


Entire  construction  area 
should  be  drained. 


1.  Outer  wall.  2.  dui table  floor.  3.  31." ■  concrete  masonry.  L.  Piaster  2,5 
o  thick,  5.  Siding  boards  2.5  cn  tide!:.  6.  20-  by  30-can  air  vents  at  intervals 
of  2.C  to  2.1-  in.  ?.  .Hcinforced  concrete  bean.  3.  2.5-cm  board.  9.  Creosoted 

board  ii  cn  thick.  lo.  dandy  or  clay  loan  covered  with  tanned  rubble.  13,  Depth 

lu  to  2c  cn,  detention.-  or.  thickness  of  vegetation  cover.  12.  He  info  reed  concrete 

column  of  dc  si  -n  cross  section.  13.  Kt  1st  forced  concrete  slab  of  design  cross  section. 
1J..  Insula  tin.--  timber  : .latfom  of  It— cn  logs.  15.  insulating  layer  of  tamped  moss. 

it.  Weil-tan;  ei  sandy  lean  or  clay  loan. 


Fig.  32  -  Reinforced  Concrete  Coiuirj-,  Foundation  (Design  by  Byalinitsky) 


IcUn  itjmr 


Bad  Fl*r  Bear  •  Calvwrt  in  ketLm  Znyvr 


Icicgs  sal  Zrost  Sells 


Fig.  lbO  -  8t«ao  Point 
j-natallaticn 


Tig.  mi  -  steaa  Point  Operation 


Fig.  II48  -  Use  of  Frost  Balts  To  Pr^VGUt  Vflter  S^lPA^o  into  &it  Exofivfttioii 


